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TO THE STUDENT 


As you study organic chemistry, make certain you fully understand each new fact 
that you encounter. While studying the material, you should be continuously asking 
yourself "why?": Why does that reaction occur? Why is that product formed? Why is that 
compound more stable? If you truly understand each new piece of information, you will 
be creating a foundation upon which to lay subsequent information. A strong foundation 
will allow you to master a great deal of material with much less effort than you would 
have to put out if you were memorizing your way through the material. 


Often it is the new vocabulary that you encounter when you are first exposed to a 
discipline that can be the biggest hurdle to mastering the material. For that reason I have 
included a list of the important terms and their definitions at the beginning of each 
chapter in the Study Guide. Reading these is a good way to review some of the important 
aspects of the chapter. 


There are two kinds of problems in the textbook. The problems at the end of each 
section within a chapter are designed to let you see if you have understood the material 
presented in that section, and to reinforce the material. You should do these problems as 
you encounter them. The problems at the end of each chapter integrate the concepts in the 
chapter and sometimes include concepts that were mastered in previous chapters. Try to 
do as many of these as possible. The more problems you do, the more comfortable you 
will become with organic chemistry, and the more you will enjoy it. 


Organic chemists use curved arrows to show the bonds that break and the bonds 
that form in an organic reaction. When you start studying organic reactions in Chapter 3, 
take time to do the exercise on drawing curved arrows that you will find on page 101. 
There is also an exercise in model building (page 151) that will help you with the 
material in Chapter 5. 


Good luck in your study. If you have any comments or suggestions about how the 
Study Guide could be improved for those students who will follow you, I would be very 
happy to hear from you. 


Paula Yurkanis Bruice 

Department of Chemistry and Biochemistry 
University of California, Santa Barbara 
Santa Barbara, СА 93106 
pybruice @ chem.ucsb.edu 
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СНАРТЕВ 1 
Electronic Structure and Bonding * Acids and Bases 


Important Terms 

acid 

acid-base reaction 

acid dissociation constant 
acidity 


antibonding molecular 
orbital 


atomic number 
atomic orbital 
atomic weight 


aufbau principle 


base 
basieity 


bond dissociation energy 


bonding molecular 
orbital 


bond length 


Brensted acid 
Brgnsted base 
buffer solution 
carbanion 
carbocation 
condensed structure 
conjugate acid 


conjugate base 


a substance that donates a proton. 

a reaction in which an acid donates a proton to a base. 
a measure of the degree to which an acid dissociates. 

a measure of how easily a compound gives up a proton. 


a molecular orbital that results when two atomic orbitals with opposite 
signs interact. Electrons in an antibonding orbital decrease bond strength. 


tells how many protons (or electrons) the neutral atom has. 
an orbital associated with an atom. 
the average mass of the atoms in the naturally occurring element. 


states that an electron will always go into the available orbital with the 
lowest energy. 


a substance that accepts a proton. 

describes the tendency of a compound to share its electrons with a proton. 
the amount of energy required to break a bond homolytically (each of the 
atoms retains one of the bonding electrons) or the amount of energy 


released when a bond is formed. 


a molecular orbital that results when two atomic orbitals with the same sign 


interact. Electrons in a bonding orbital increase bond strength. 


the internuclear distance between two atoms at minimum energy 
(maximum stability). 


a substance that donates a proton. 

a substance that accepts a proton. 

solution of a weak acid and its conjugate base. 

a compound containing a negatively charged carbon. 
a compound containing a positively charged carbon. 
a structure that does not show some (or all) of the covalent bonds. 
the compound formed when a base accepts a proton. 


the compound formed when an acid loses a proton. 
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core electrons 
covalent bond 
degenerate orbitals 


delocalized electrons 


dipole 

dipole moment (и) 
double bond 
electron affinity 
electronegative 
electronegativity 


electropositive 


electrostatic attraction 


electrostatic potential map - 


equilibrium constant 


excited-state electronic 


configuration 


formal charge 


free radical 
(radical) 


ground-state electronic 


configuration 


Heisenberg uncertainty 


principle 


Henderson-Hasselbalch 


equation 


Hund's rule 


hybrid orbital 
hydride ion 


electrons in filled shells. 
a bond created as a result of sharing electrons. 
orbitals that have the same energy. 


electrons that do not belong to a single atom nor are they shared in a bond 
between two atoms. 


a positive end and a negative end. 
a measure of the separation of charge in a bond or in a molecule. 


composed of a sigma bond and a pi bond. 

the energy given off when an atom acquires an electron. 

describes an element that readily acquires an electron. 

the tendency of an atom to pull electrons toward itself. 

describes an element that readily loses an electron. 

an attractive force between opposite charges. 

a map that allows you to see how electrons are distributed in a molecule. 


the ratio of products to reactants at equilibrium (or the ratio of the rate 
constants for the forward and reverse reactions). 


the electronic configuration that results when an electron in the ground 
state has been moved to a higher energy orbital. 


the number of valence electrons - (the number of nonbonding electrons + 
1/2 the number of bonding electrons). 


a species with an unpaired electron. 
a description of which orbitals the electrons of an atom occupy when they 
are all in their lowest energy orbitals. 


states that both the precise location and the momentum of an atomic 
particle cannot be simultaneously determined. 


рКа = pH + log[HAJ/[A] 
states that when there are degenerate orbitals, an electron will occupy an 
empty orbital before it will pair up with another electron. 


an orbital formed by hybridizing (mixing) atomic orbitals. 


a negatively charged hydrogen. 


hydrogen ion (proton) 


inductive electron 
withdrawal 


ionic bond 

ionic compound 
ionization energy 
isotopes 

Kekulé structure 
Lewis acid 

Lewis base 


Lewis structure 


lone-pair electrons 
mass number 
molecular orbital 


molecular orbital (MO) 
theory 


node 


nonbonding electrons 
nonpolar covalent bond 


octet rule 


orbital 


orbital hybridization 
organic compound 


Pauli exclusion principle 


pH 
pi (7) bond 
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a positively charged hydrogen. 


the pull of electrons through sigma bonds by an atom or a group of atoms. 


a bond formed through the attraction of two ions of opposite charges. 

a compound composed of a positive ion and negative ion. 

the energy required to remove an electron from an atom. 

atoms with the same number of protons but a different number of neutrons. 
a model that represents the bonds between atoms as lines. 

a substance that accepts an electron pair. 

a substance that donates an electron pair. 


a model that represents the bonds between atoms as lines or dots and the 
nonbonding electrons as dots. : 


valence electrons not used in bonding. 
the number of protons plus the number of neutrons in an atom. 
an orbital associated with a molecule. 


describes a model in which the electrons occupy orbitals as they do in 
atoms but the orbitals extend over the entire molecule. 


a region within an orbital where there is zero probability of finding an 
electron. 


valence electrons not used in bonding. 
a bond formed between two atoms that share the bonding electrons equally. 
states that an atom will give up, accept, or share electrons in order to 


achieve a filled shell. Because a filled second shell contains eight electrons 
this is known as the octet rule. 


> 


the volume of space around the nucleus where an electron is most likely to 
be found. 


mixing of atomic orbitals. 
a compound that contains carbon. 


states that no more than two electrons can occupy an orbital and that the 
two electrons must have opposite spin. 


the pH scale is used to describe the acidity of a solution (pH = -log[H*]). 


a bond formed as a result of side-to-side overlap of p orbitals. 
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рКа 
polar covalent bond 


potential map 

(electrostatic potential map) 
proton 

proton transfer reaction 
quantum mechanics 

radical 

(free radical) 

resonance 


resonance contributors 


resonance hybrid 


sigma (с) bond 


single bond 
tetrahedral bond angle 


tetrahedral carbon 


trigonal planar carbon 
triple bond 
valence electrons 


valence shell electron pair 
repulsion (VSEPR) model 


wave equation 


wave functions 


describes the tendency of a compound to lose a proton (рКа = -log Ka, 
where Ка is the acid dissociation constant). 


a bond formed between two atoms that do not share the bonding electrons 
equally. 


a map that allows you to see how electrons are distributed in a molecule. 


a positively charged hydrogen; a positively charged atomic particle. 
a reaction in which a proton is transferred from an acid to a base. 


the use of mathematical equations to describe the behavior of electrons in 
atoms or molecules. 


a species with an unpaired electron. 


having delocalized electrons. 


structures with localized electrons that approximate the true structure of a 
compound with delocalized electrons. 


the actual structure of a compound with delocalized electrons. 


a bond with a symmetrical distribution of electrons about the internuclear 
axis. 


a single pair of electrons shared between two atoms. 
the bond angle (109.5?) formed by an sp? hybridized central atom. 


an sp? hybridized carbon; a carbon that forms covalent bonds using four 
sp? hybrid orbitals. 


an sp? hybridized carbon. 
composed of a sigma bond and two pi bonds. 
an electron in an outermost shell. 


a model that combines the concepts of atomic orbitals and shared electron 
pairs with minimization of electron repulsions. 


an equation that describes the behavior of each electron in an atom or a 
molecule. 


à series of solutions of a wave equation. 
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Solutions to Problems 


1. The mass number = the number of protons + the number of neutrons 


The atomic number = the number of protons. All isotopes have the same atomic number; in the 
case of oxygen it is 8. 


Therefore: 
The isomer of oxygen with a mass number of 16 has 8 protons and 8 neutrons. 
The isomer of oxygen with a mass number of 17 has 8 protons and 9 neutrons. 
The isomer of oxygen with a mass number of 18 has 8 protons and 10 neutrons. 


2. Using the aufbau principle (electrons go into available orbitals with the lowest energy) and the 
Pauli exclusion principle (no more than 2 electrons in each atomic orbital), and remembering that 
the relative energies of the atomic orbitals are: 


15<25 < 2p < 35 < Зр < 45 < За « Ар < 5s < 4d < 5p 


The question can be answered if you remember that there is one s atomic orbital and 3 
degenerate p atomic orbitals. 


potassium's 19th electron is in a 45 orbital. 
15 (227), 2s (2e), 2р (бе?), 35 (2e^), 3p (бе“), 4s (1е-) 


3. Cl 152 252 2рб 352 3p5 
Br 152252 2p6 352 3p6 452 3410 4р5 
I 152 252 2p6 352 3p6 452 3410 4p6 552 4410 555 


To write the electronic configurations for Br and I, you need to remember that there are 5 
degenerate d atomic orbitals. 


Notice that because the three atoms are in the same column of the periodic table, they all have 
the same number of valence electrons (7), and the valence electrons are in similar orbitals 
(2 are in an s orbital and 5 are in p orbitals). 


4. The atomic numbers can be found in the periodic table on the last page of the text. Notice that 
elements in the same column of the periodic table have their valence electrons in similar orbitals. 


a. carbon (atomic number = 6): 152 252 2p? 
silicon (atomic number = 14): 152 252 2p6 352 3p2 


b. oxygen (atomic number = 8): 152 252 2p4 
sulfur (atomic number = 16): 152 252 2p6 352 3p4 


c. fluorine (atomic number = 9); 152 252 2p5 
bromine (atomic number = 35): 152 252 2p6 352 3p6 452 3410 4р5 
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d. magnesium (atomic number = 12): 152 252 2p6 352 
calcium (atomic number = 20): 152 252 2p6 352 3p6 452 


The polarity of a bond can be determined by the difference in the electronegativities (given in 
Table 1.3) of the atoms sharing the bonding electrons 


a. KCl has the most polar bond (3.0 - 0.8 = 2.2), whereas it is 1.8 for LiBr, 1.6 for Nal, and 0 
for CL. 


b. Cl, has the least polar bond because the two chlorine atoms share the bonding electrons 
equally. 


a. LiH and HF are polar (they have a red end and a blue end). 


b. A potential map marks the edges of the molecule's electron cloud. The electron cloud is 
largest around the H in LiH because that H has more electrons around it than the H's in the 
other molecules. 


c. Because the hydrogen of HF is blue, we know that that compound has the most positively 
charged hydrogen. 


Solved in the text. 


To answer this question, compare the electronegativities of the two atoms sharing the bonding 
electrons using Table 1.3 on page 10 of the text. (Note that if the atoms being compared are in 
the same row of the periodic chart, the atom on the right is the more electronegative; if the atoms 
being compared are in the same column, the one closer to the top of the column is the more 
electronegative.) 


ô- à. 6+ 6. 6. 5+ . 6% 6- 
a. HO—H с. H4C—NH, e. HO—Br 2. I—Cl 
6- ð+ 6+ 6. 6. ð+ 6+ 6- 
b. F—Br d. H4C—CI f. H4C—MgBr h. HN —OH 


By answering this question you will see that a formal charge is a bookkeeping device. 
It does not necessarily tell you which atom has the greatest electron density or is the most 
electron deficient. 


a. oxygen 

b. oxygen (it is the more red) 

с. oxygen 

d. hydrogen (it is the most blue) 


Notice that in hydroxide ion, the atom with the formal negative charge is the atom with the 
greater electron density. In the hydronium ion, however, the atom with the formal positive 
charge is not the most electron deficient atom. 
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10. 


Ж 4 H H а 
а. О: №: О: d. :0::C!:0: g H:C:N:H је ма“ Яб:н 


ог m " 


.. + T = 
b. :0: Nt: O: е. : 


НН Н 
or or 


os + ee M || 
:го=м=0: :9—C 


or 


:02N—O : М=М: H—C-—H Ма“ 10—C-0: Ма“ 


11. 


or 


T H 
нестач. uo Heg 
H H H 
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10. 


or or 


36-N-d: :О=с=0: H—C-N-H Ма О-Н 
НН 

oe + oe — ss e oe Н + H, .. = 

b. :0:: М:: О: е. :0: C: 03H h. Н:С:С:Н К. H:N:H :СІ: 


б: 
:0=№—0: И aru 
:0—C—O: Na 


11. 


or 
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H 
b. H:C:C:CiÓ:H and НС: СН and. н:С:б:н 
H 
or 
i 
H HH HH H 
teea ыы wu а а aon e 
— (— OL ry — — —( ``. —( = an ee 
Нн | | M T нт 0н 
H H н-с—н 
H 
12. 
H-C-N-C-C-H H-C—c-Q H-C——C—C—H 
HHHH , Н H-C-H H н-б-н 
H H 
d. H 
E № 
! 
gau. c 
H H-C-H H H H H-C-H H 
H H 


13. Не,” has three electrons. Two are іп а bonding orbital and one is in an antibonding orbital. 
Because there are more electrons in the bonding orbital than in the antibonding orbital, Не,” 
exists. 


14. a. *  side-to-side overlap forms a т bond; 
the overlap of opposite phase (colors) orbitals forms an antibonding (*) orbital. 


b. 6%  end-on overlap forms ao bond; 

the overlap of opposite phase (colors) orbitals forms an antibonding (*) orbital. 
€. 6%  end-on overlap forms a с bond; 

the overlap of opposite phase (colors) orbitals forms an antibonding (*) orbital. 
d. c епд-оп overlap forms a с bond; 

the overlap of same phase (colors) orbitals forms an antibonding (*) orbital. 


15. Тһе carbon-carbon bonds form as a result of sp>—sp3 overlap. 
The carbon-hydrogen bonds form as a result of Sp?— s overlap. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 
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СН, with 0 lone pairs has bond angles of 109.5? 
H20 with 2 lone pairs has bond angles of 104.5? 


The bond angle decreases as the number of lone pairs increases because a lone pair is more 
diffuse than a bonding pair. | 


Therefore, H3O* with 1 lone pair has bond angles in between those two; 
its bond angles will be less than 109.5? and greater than 104.5°. 


The hydrogens of the ammonium ion are the bluest atoms. Therefore, they have the least electron 
density. In other words, they have the most positive (least negative) electrostatic potential. 


Water is the most polar—it has a deep red area and the most intense blue area. 
Methane is the least polar—it is all the same color with no red or blue areas. 


Bonding electrons in shells farther from the nucleus form longer and weaker bonds due to 
poorer overlap of the bonding orbitals. Therefore: 


a. relative lengths of the bonds in the halogens аге: Brz > СЕ. 
relative strengths of the bonds аге: Сіз > Bra. 


b. relative lengths: HBr » HCl » HF 
relative strengths: HF » HCl » HBr 


We know the с bond is stronger than a л bond because ће с bond in ethane has a bond 
dissociation energy of 88 kcal/mol, whereas the bond dissociation energy of the double bond 
(c + л) in ethene is 152 kcal/mole, which is less than twice as strong. 


Because the o bond is stronger, we know that it has more effective orbital-orbital overlap. 


The carbon-carbon sigma bond formed by sp’—sp” overlap is stronger because an sp orbital 


has 33.3% s character, whereas an sp” orbital has 25% s character. 


Because electrons in an s orbital are closer on average to the nucleus than those in a p orbital, 
the greater the s character in the interacting orbitals, the stronger (and shorter) bond. 


C ё (20 
СН.СНСНЕСНСН,.СЕССН, 


CH, 
sp? 


sp? 


23. 


а. ВеН, 
Because beryllium does not have any unpaired electrons in its ground state, it cannot form any 
bonds unless it promotes an electron. After promotion, hybridization of the two orbitals (an s 
orbital and a p orbital) that contain unpaired electrons results in two sp hybrid orbitals. 


15 25 2рх 


И ; = аш hybridization дері; ар 
N ! | promotion | | | A ЫП Л ! 


15 
Each sp orbital of beryllium overlaps with the s orbital of a hydrogen. The two sp orbitals orient 
themselves to get as far away from each other as possible, resulting in a bond angle of 180°. 


LN 
bond angle = 180? 


Notice that because beryllium does not have an electron in a p orbital, it cannot form ал bond. 


b. BH; 
Without promotion, boron could form only one bond because it has only one unpaired 
electron. Promotion gives it three unpaired electrons. When the three orbitals (one s orbital and 


two p orbitals) containing the unpaired electrons are hybridized, three sp? orbitals result. 


is 25 2ру 2ру 5 2s 2рх 2ру ls 25р2 2sp? 


N N Á promotion N A A | hybridization m 


Each sp? hybrid orbital overlaps with the s orbital of hydrogen. The three sp? orbitals orient 
themselves to get as far away from each other as possible, resulting in bond angles in of 120°. 


25р 


| 
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sp A) 
Ке: 2 
aa pe 


e ыз 


bond angles = 120? 


c. CCl, 
The carbon in CCl4 is bonded to four atoms, so it uses four sp? hybrid orbitals. 
Each carbon-chlorine bond is formed by the overlap of an sp? orbital of carbon with a p orbital 


of chlorine. Because the four sp? orbitals orient themselves to get as far away from each other 
as possible, the bond angles are all 109.5°. 


СІ 


| 
сі 27 NS Cl 


bond angles = 109.5° 


d. CO, | 
The.carbon in CO? is bonded to two atoms, so it uses two sp hybrid orbitals. Each carbon- 
oxygen bond is a double bond. One of the bonds of each double bond is formed by the overlap 


of an sp orbital of carbon with an sp? orbital of oxygen. The second bond of the double bond 
is formed as a result of side-to-side overlap of a p orbital of carbon with a p orbital of oxygen. 
Because the two sp orbitals orient themselves to get as far away from each other as possible, 
the bond angle in CO»? is 180°. 


О--С--О 
bond angle = 180? 


e. The double-bonded carbon and the double-bonded oxygen in HCOOH use 5р2 hybrid orbitals. 
The single-bonded oxygen uses sp? hybrid orbitals and each hydrogen uses an 5 orbital. 


the с bond is formed by sp2-sp2 overlap 


the 7t bond is formed by p-p overlap 
sp2-s overlap | ) 


С 
” 
Н Pa. 4 
Sp?-s overla 
5р2-5р3 overlap Nd ii Р 


12 Chapter 1 


f. The triple bond consists of one с bond and two л bonds. Each nitrogen uses an sp hybrid 
orbital to form the с bond and a p orbital to form each of the two л bonds. 


N==N theo bond is formed бу sp-sp overlap 
each т. bond is formed Бу р-р overlap 


24. Тһе electrostatic potential map of ammonia is not symmetrical in shape because it is not 


symmetrical in the distribution of the charge—the nitrogen end is more electron rich than the 
three hydrogens. 


The electrostatic potential map of the ammonium ion is symmetrical in shape because it is 


symmetrical in the distribution of the charge. Its symmetry results from the fact that the nitrogen 
atom forms a bond with each of the four hydrogens and the four bond angles are all the same. 


25. a,e,g,h 
| 
CI —B --СІ С, 
е u^ N Cl 
CI 


Because Be is sp hyridized, the bond angle іп BeCl, is 180° and the compound does not have a dipole mome 
Because C is sp? hyridized, the bond angles in CHCl, are 109.5? and the compound has a dipole moment. 


26. a. (1) *NH4 (2) НСІ (3) H20 (4) H30* 


b. (1) "NH; (2) Вг (3) МОз- (4) НО- 


27. 
if the lone pairs are not shown: 
_———— ЮУ 


% 


+ 
а. CH4OH аз ап acid CH,0H + NH, === СО + NH, 


CH4OH as a base СНҘОН + HCI сн,он + Cr 
H 
b. NH, asan acid NH, + HO^ — ‘NH, + H,O 


+ 
МН. as a base NH, + HBr — NH, + Br 
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if the lone pairs are shown: 


a. СНОН аз ап acid CH,0H + NH, — CH40: + NH, 


.. “5 ..+ .. = 
СНОН аз а Базе СНзОН + HCl: == CH30H + {сї 
H 
b. NH, аз ап acid МН, + HOD —= ‘NH, + H,0: 
МН; as a base NH, + HB: == н, + Ви 


28. a. The lower the рКа, the stronger the acid, so the compound with рКа = 5.2 is the stronger acid. 


b. The greater the dissociation constant, the stronger the acid, so the compound with dissociation 
constant = 3.4 x 10-3 is the stronger acid. 


29. 
Ка = Keg [H20] 
K ‚53 х 1079 Е 
Е ques 
[H50] 55.5 
30. 221% that in each case, the equilibrium goes away from the strong acid and toward the weak 
acid. 
a. HCl " H,O к=^ СІ” + Н.О + 
pKa = -7 pKa = -1.7 
|) n | 
CH,COH + НО <=  CH4CO + њо 
pKa = 4.8 pK, = -1.7 


CH;3NH, + HO  -—— CH,NH + HO 
pK, = 40 рКа = 15.7 


CH;NH, + ЊО? ——- CH,NH, + HO 
pKa = -1.7 pK, = 10.7 
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b. HCl + H,O == H30 + A7 
рКа--7 | pKa =-1.7 
NH, + но -—— ‘NH, + HO 


31. а. СН;СОО is the stronger base. 
Because HCOOH is the stronger acid, it has the weaker conjugate base. 


b. -NH3 is the stronger base. 
Because Н2О is the stronger acid, it has the weaker conjugate base. 


c. Н2О is the stronger base. 
Because CH;0H,” is the stronger acid, it has the weaker conjugate base. 


32. The conjugate acids have the following relative strengths: 
+ || + 
CH;0H, > CH;COH > CH;NH; > CHOH > СИН, 
The bases, therefore, have the following relative strengths: 


- i 
СНО > СН)” > CHNH, > CH,CO” > СНОН 


33. 
Ка of the reactant acid 


Keg = 
Ka of the product acid 


For a the reactant acid is HCI and the product acid is Н40+ 


For b the reactant acid is СНАСООН and the product acid is H30* 
For є the reactant acid is НО and the product acid is CH4NH, 
For d the reactant acid is CH4NH; and the product acid is НзО+ 


34. 


35. 


36. 


37. 


Chapter 1 
7 
m а-ы о eH з 2 505 105 
101.7 
1074.8 10-48 - 1.7 
: = — = = 10-65 = 3.2x 10-7 
b. Keg 1017 ш ш 
1071577 10-157 + 10.7 5 5 
K = —— = 10:15. 3 = 105 = 1. е 
с eq 10-107 10 1.0 x 10 
-10.7 2 - 
d. Ка = A Log 1080705 2 3944.5 40x13 
101.7 
a. CH,0CH,CH,OH because of ће СНО group that withdraws electrons inductively 
3 21 3 
+ 
b. СН;СН;СН;ОН, because oxygen is more electronegative than nitrogen and, therefore, 


is better at withdrawing electrons inductively 
c. CH;CH,OCH,CH,OH because the electron-withdrawing oxygen is closer to the OH group 
О 


|| 
d. СЊСЊСОН because the electron-withdrawing С-О is closer to the OH group 


CH;CHCH;OH > CH,CHCH,OH > CH,CH,CH,OH > CH,CH;CH,OH 


F Ci СІ 


The first two compounds аге the most acidic because they have the electron-withdrawing 
substituent closest to the O—H bond. The first compound is more acidic than the second 
because fluorine is more electronegative than chlorine. 

The second listed compound is a stronger acid than the third listed compound because the 
chlorine in the third compound is farther away from the O—H bond. 

The last-listed compound does not have a substituent that withdraws electrons inductively, 
so it is the least acidic of the compounds. 


The weaker acid has the stronger conjugate base. 
О 0 9 


I " Í : 

a CHCHCO b. CH,CHCH,CO © CH,CH,CO d. CH,CCH,CH;O 
| 
Br CI 


Solved in the text. 
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39. 


40. 


41. 
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a. Because НЕ is the weakest acid, F^ is the strongest base. 
b. Because НІ is the strongest acid, I~ is the weakest base. 


a. oxygen b. Н25 c. CH3SH 


As you saw in Problem 37, the size of an atom is more important than its electronegativity in 
determining stability. So even though oxygen is more electronegative than sulfur, H2S is a 
stronger acid than Н2О and CH3SH is a stronger acid than CH3OH because the sulfur atom is 
larger—therefore, the electrons in the its conjugate base are spread out over a greater volume of 
causing it to be a more stable base. The more stable the base, the stronger its conjugate acid. 


T 
а. CH43CENH 8. HNO; is more acidic than HNO;. 
When the structure of the conjugate base of 
each acid is drawn out, you can see that NO3 
9 has a positively charged nitrogen and МО; does 


с. ЕССОН not. The positive charge decreases the electron 
А density on the oxygen by inductive electron withdrawal, 
thereby stabilizing it. 


b. CH,CH, or СН, 


d. an 5р2 hybridized oxygen A stable base is a weak base. Therefore, 
it has the stronger conjugte acid. 
e. sp » sp2 » sp? " 
En xw PE 
f. sp > өр? > sp? :9—М :9—М№=0: 


s.~ 
“4 
. 


When а sulfonic acid loses a proton, the electrons left behind аге shared by three oxygen atoms. 
In contrast, when a carboxylic acid loses a proton, the electrons left behind are shared by only 
two oxygen atoms. The sulfonate ion, therefore, is more stable than the carboxylate ion. 

The more stable the base, the stronger is its conjugate acid. Thus the sulfonic acid is a stronger 
acid than the carboxylic acid. 


О: 0: О: 
сн,$—ф: -.-»- снуу==б: <> сн,$=б: 
0: О: 2222 
а sulfonate ion 
О: 0: 
снс—б <> снус=б: 


а carboxylate ion 
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42. 
а О :д г Е о: 
- T oo м p 2 
827 54-0 07: 
b 0: 29: 10: 
<> <> 
шк 56 қары ақ 
30^ +“: :67 + Жо: 107 d: 


43. | greater than pH 10.4 


As long as the pH is greater than the pK, of the compound, the majority of the compound 
will be in its basic form. 


44. а. 10.4 (two log units more basic than the pK.) 


b. 2.7 (one log unit more acidic than the рК,) 


с. 4.9 (If 10% is in its basic form, 90% will be in its acidic form, so the pH needs to be one log 
unit more acidic than the pK, ) 


d. 7.3 (pH = pK) 


e. 9.3 (If 1% is in its acidic form, 99% will be in its basic form, so the pH needs to be two log 
units more basic than the pK, ) 


45. a. 1. neutral b. 1. charged с. 1. neutral 
2. neutral 2. charged 2. neutral 
3. equal amounts of both 3. charged 3. neutral 
4. charged 4. charged 4. neutral 
5. charged 5. equal amounts of both 5. neutral 
6. charged 6. neutral 6. neutral 
7. charged 7. neutral 7. neutral 
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46. а. 1. pH - 49 


2. pH = 10.7 
b. 1. pH» 6.9 Because the basic form is the form in which the compound is charged, 
the pH needs to be more than two units more basic than the pK, 
2. pH « 8.7 Because the acidic form is the form in which the compound is charged, 
the pH needs to be more than two units more acidic than the РК. 
| 47. 
| a.CH,COO^ e. H,O e.CH;CH,OH g. HC=N і. NO3 
|“ + ; + 
| | b.CH,CH;NH, d. CH3;CH,OH  f.NH, h. NO; j. Br” 
48. 
. + 
а. “ZnCl + СНОН === CH3DH 
“ZnCl, 
b. FeBr + Вг” = Br—FeBr, 
с. ACh + СІ ——- СТ—АЈСЂ 
d. BF, + HCH => HCH 
49. 


a, b, с, and h are Brønsted acids (protonating-donating acids). Therefore, they react with 
HO by donating a proton to it. 


d, e, f, and g are Lewis acids. They react with HO by accepting a pair of electrons from it. 
а. CHOH + но” 


СНО + H,O 


— 
=== NH, + H,O 
Á- 
—— 


+ 
b NH, + но 


T 
€  CH,NH, + НО” 


50. 


51. 


52. 


+ 

е CH, + Но — 

f ЕВ + НО” = 

8. AIC], + НО” — 

h. СНСООН + HO. === 
О: б: 
9 i 


а. Н:О:С:О:Н 


О: б: 

b. i0:C:Q: ог 10-С-6: 
О: 9: 

с. H:C:H or H—C-—H 

d H:N:N:H or H-N-N-H 
HH H H 


а. sp?, tetrahedral 
b. sp?, trigonal 
с. sp, tetrahedral 


d. sp?, trigonal 
e. sp?, tetrahedral 
f. sp?, trigonal 


a. CH4CH;CH; b. CH;CH=CH, 
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CH4OH 
HO—FeBr, 
НО—АЈСЂ 


CH,COO + H,O 


H T 

e. H:C:N:H or H—C-N-H 
HH H H 
H, ты 

f. H:C:NEN: or He ЕҢ. 
H H 

g е0) ог О=с=6 

+ + 


g. Sp, linear 
В. sp3, tetrahedral 
i. sp3, tetrahedral 


с. CH;C=CCH; ог CH,CH,C=CH 
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53. 


54. 
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a. 107.3? c. 109.5? e. 104.5? 2. 109.5? i. 109.5? 


b. 107.3? d. 104.5°* f. 120° h. 180? 


* 104.5? is the correct prediction based on the bond angle in water. 
However, the bond angle is actually somewhat larger (111.79) because the bond opens up to 
minimize the interaction between the electron clouds of the relatively bulky CH3 groups. 


formal charge = the number of valence electrons — (the number of lone-pair electrons + 1/2 
the number of bonding electrons) 


a. formal charge =6 - (6+1) = 6-7 = -1 
H:Ö: 
b. formal charge =6 - (5+1) = 6-6 = 0 
но. 
c. formal charge = 5 – (4) = + 1 
СН; 
+l 
SHm С: 
CH; 
d. formal charge = 5 (2+2) = 5-4 = +1 


+ 
H-N-H 


е. formal charge = 4 - (2+2) = 4-4 = 0 
H-C-H 


m 


N has a formal charge = 5 - (4) = +1 
B has a formal charge = 3 - (4) = - 1 
H H 
"MN 
H-N—h-H 
H H 
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=4 - (2+3) =4-5 = -1 


g. formal charge 


6 – (2+3) =6-5 = +1 


h. formal charge 


55. 


В 
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57. 
— ——— — 
а. СН. —Вт с. НО—МН; e. CH, —ОН 
—_— = —— 
b. CH,—Li d. I—Br f. (CH3),N—H 
58. 
sp? sp? sp? 
a. СН.СН=СН, c. СН;СН;ОН e CH,CH=NCH, 
Sp sp? 
9<- sp? |) {) 
b. СН;ССН; d. СН;С-М f CHjOCH;CH, 


59. Тһе open arrow points to the shorter of the two indicated bonds in each compound. 
For1,2,and3: a triple bond is shorter than a double bond which is shorter than a single bond. 


For 4 and 5: Because an s orbital is closer to the nucleus than a p orbital, the greater the s 
character in the hybridized orbital, the shorter is the bond. Therefore, the bond 
formed by a hydrogen and an sp hybridized carbon is shorter than the bond 


formed by a hydrogen and an sp? hybridized carbon, which is shorter than the 
bond formed by a hydrogen and an sp? hybridized carbon. (See Table 1.7 on 


page 37 of the text.) 
1. CH,CH=CHC=CH 4 /С--СНС--С-Н 
Sp sp H SP? sp sp 
2 
OQ sp 
>i sx sp? 
2. | CH,CCH;0H н. Р 
3 | N 
S, Жаз 75. ---СНС-еС-С-Н 
sp? 5р2 sp? | 
H CH4 
3. CH,NHCH,CH,N=CHCH, sp? К 


sp? sp? sp? sp? sp? sp? sp? 
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60. If the solution is more acidic than the pK, of the compound, the compound will be in its acidic 


form (with the proton). If the solution is more basic than the pK, of the compound, the 
compound will be in its basic form (without the proton). 


T 
a. atpH=3 CH,COH b. at pH =3 CH,CH,NH, с. at pH=3 CF4CH;,OH 


О + 

apeg CH,CO” at pH=6 CH;CHNH; atpH=6 CF,CH,OH 
| + 

at pH = 10 СЊСО at pH=10 CH;CH,NH, at pH = 10 CFCH;OH 
| = 

at pH = 14 CH,CO™ atpH=14 CH3CH;NH, at pH=14 СЕҘСН,О 


61. Ifthe central atom is sp hybridized, the molecule will have tetrahedral bond angles. 
Therefore, the following have tetrahedral bond angles. 


НО, HjO', NH, “мн, CH, 


: : 2 ЧЕЗ 
62. пап alkene, six atoms аге іп the same plane: the two sp hybridized carbons and the two atoms 


that are bonded to each of the two sp” hybridized carbons. The other atoms in the molecule will 
not be in the same plane with these six atoms. 
о 


Ke Е сн, Y^ 
H; 


N " ‚Н СН; Н С 
„С=С, „С=С, 
H СН; H сн;сн; 
A M P 
yes 


yes no 


If you put stars next to the six atoms that lie in a plane in each molecule, you might be able to see 
more clearly whether the indicated atoms lie in the same plane. 


* 


ЧЕ m " " 
S 3, ‚Н СНз H H A CH, 
C=C — ~“ * * 
A очы CE CX 

H Pu. H CH,CH; Я 


Н 
* 
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63. 
а. CHCOOH + CHO === СНСОО + СНҘОН 
b. CH,CH,OH + NH, ==” CH;CH,O + NH; 
RE + 
с. СНСООН + CHNH, == СНСОО + CHj;NH, 
+ ЕЧ 
а. CH4CH;OH + HCl ==” CH3CH;0H; + CI 
64. 


| е 180° sp? sp? 

| HHH 

| e н-с-<-С-н The 3 carbons аге all sp? hybridized. 
HHH Ali the bond angles are 109.5°. 


| 65. The log of 10^ = — 4, the log of 10? = – 5, the log of 109 -- 6, etc. 
Because the рКа = – logKa, the рКа of an acid with a Ка of 107 =is — (-4) = 4. 


An acid with a Ка of 4.0 x 10^ isa stronger acid than one with a Ka of 1.0 x 10 ^. 
Therefore, the pKa can be estimated as being between 3 and 4. 


a. 1. between 3 and 4 b. 1. рКа= 3.4 
2. between -2 and -1 2. рКа = -1.3 
3. between 10 and 11 3. рКа = 102 
4. between 9 and 10 4. рКа=9.1 
5. between 3 and 4 5. рКа = 3.7 


c. Because the lower the рКа the stronger the acid, nitric acid is the strongest acid. 


66. 


67. 


68. 
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а. 
CH;CH;CHCOOH » CH3CHCH,COOH > CICH;CH;CH;COOH > CH4CH;CH;COOH 


Cl Сі 


b. The electron-withdrawing substituent makes (һе carboxylic acid more acidic, because it 
stabilizes its conjugate base by decreasing the electron density around the oxygen atom. 


c. The closer the electron-withdrawing СІ is to the acidic proton, the more it can decrease the 
electron density around the oxygen atom, so the more it stabilizes the conjugate base. 


H, H + -- + ..— “es + we 

a СМЕМ or H—C-NEN: ©. NENEN: or М=М=: 
ii Н 

M DE | "NI usc E е -e + n 

b. Н:С:М:М or H—C-N-N: d. :NzNzO: or :N=N=0: 
Š | 
н 


The reaction with the most favorable equilibrium constant is the one with the greatest difference 
between the strengths of the reactant acid and the product acid. (i.e., the one that has the 
strongest reactant acid and the weakest product acid. 


a. 1. СНЗОН is a stronger reactant acid (рКа = 15.5) than СНҘСН2ОН (рКа = 15.9), and both 


reactions form the same product acid (+МН4). Therefore, the reaction of CH30H with 
NH3 has the more favorable equilibrium constant. 


2. Both reactions have the same reactant acid (СНзСН2ОН). The product acids are different: 
*NH4 is a stronger product acid (рКа = 9.4) than CH3NH3+ (рКа = 10.7). Therefore, the 
reaction of CH3CH20H with CH3NH» has the more favorable equilibrium constant. 


b. Now we have to compare "apples" and "oranges" because the reaction with the most 
favorable equilibrium constant in 1 and the reaction with the most favorable equilibrium 
constant in 2 do not have any species in common: 1 has the Stronger reactant acid, 
whereas 2 has the weaker product acid. Therefore, the equilibrium constants have to be 
calculated. 


The reaction of CH3OH with МНз has an equilibrium constant = 7.9 x 10-7 
(Keq = K-155/K-94 = K-61 7.9 х 10-7), 


The reaction of CH3CH2OH with CH3NH) has an equilibrium constant = 6.3 x 10-6 
(Кеа = K-15.9/K-10.7 = K-5.2 = 6.3 x 10-6). 


Therefore, the reaction of CH3CH20H with CH3NH» has the greatest equilibrium constant of 
the four reactions. 
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69. 
H Н H c 
/ 
C=C C=C 
/ ~ / “. 
Cl a а H 
The dipole moment is 2.95 because the two СТ5 The dipole moment is 0 because the two Cl's 
are withdrawing electrons in the same direction. are withdrawing electrons in opposite directions. 
70. 
" ІНІ [HO] 
Я сложе sinu 
[9,0] 


Ка = (1х1077) (1х 10-7) 


55.5 
Ка = 1.80x 10-16 
рКа = -log 1.80 х 10-16 


рКа = 157 
The answer can also be obtained in the following way: 
+ 
HO- 
йу x ІН ] [HO] 
[Н20] 

ка [Н.0] = ІНГІ [HO] 

take the log of both sides 


it 


log Ка + log[H,0] = log[H'] + log [HO] 


multiply both sides by —1 


-logK, - log[H5O] = - log[H'] - log [HO] 


| 


рКа - log[H,O] = pH + РОН 
рКа - log[H,O] = 14 
pK, = 14 + log[H;O] 
рКа = 14 + log 55.5 
рКа = 14 + 17 


pK4 = 15.7 


71. 
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From the following equilibria you сап see that a carboxylic acid is neutral when it is in its 
acidic form and charged when it is in its basic form. An amine is charged when it is in its acidic 
form and neutral when it is in its basic form. 


RCOOH === gcoó + н" 


RNH, == RNH, + Н* 


Charged species will dissolve in water and neutral species will dissolve in ether. 
In separating compounds you want essentially all (100:1) of each compound in either 
its acidic form or its basic form. 


From the Henderson-Hasselbalch equation it can be calculated that in order to obtain a 100:1 
ratio of acidic form:basic form, the pH must be two pH units lower than the рКа of the 
compound; and in order to obtain a 100:1 ratio of basic form:acidic form, the pH must be 
two pH units greater than the рКа of the compound. 


a. If both compounds are to dissolve in water, they both must be charged. Therefore, the 
carboxylic acid must be in its basic form, and the amine must be in its acidic form. 
To accomplish this, the pH will have to be at least two pH units greater than the рКа of the 
carboxylic acid and at least two pH units less than the рКа of the ammonium ion. 
In other words, it must be between pH 6.8 and pH 8.7. 


b. For the carboxylic acid to dissolve in water, it must be charged (in its basic form), so the pH 
will have to be greater than 6.8. For the amine to dissolve in ether, it will have to be neutral 
(in its basic form), so the pH will have to be greater than 12.7 to have essentially all of it in the 
neutral form. Therefore, the pH of the water layer must be greater than 12.7. 


c. To dissolve in ether, the carboxylic acid will have to be neutral, so the pH will have to be less 
than 2.8 to have essentially all the carboxylic acid in the acidic (neutral) form. To dissolve in 
water, the amine will have to be charged, so the pH will have to be less than 8.7 to have 
essentially all the amine in the acidic form. Therefore, the pH of the water layer must be less 
than 2.8. 
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72. | Charged compounds will dissolve in water and uncharged compounds will dissolve in ether. 
The acidic forms of carboxylic acids and alcohols are neutral and the basic forms are charged. 
The acidic forms of amines are charged and the basic forms are neutral. 


COOH *NH4 OH Cl «МН; 
рКа = 4.17 pK, = 4.60 рКа = 10.00 рКа = 10.66 
ether 


water at pH = 2.0 


ether layer 


*NH, — «NH; COOH OH | 


add ether add НО at pH 
adjust pH of H5O to between 7 and 8 between 7 and 8 


5 во оа 


73. | If light is shone on a molecule of H, or Brz, one of the two electrons in a bonding MO can be 
promoted to an empty antibonding MO. The electron in the antibonding MO will cancel out the 
electron that is left in the bonding МО, so overall there will be no bonding. In other words, Н» 
“ог Br, will have been broken up into hydrogen atoms or bromine atoms. The energy difference 
between the bonding and antibonding MO’s is greater in the case of H, than in the case of Br». 
Therefore, less energy is required to break Br, into bromine radicals. 
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74. | 
Using the following reaction as an example: 


+ 
CHOH + МН. x СНО“ + МН, 


Keq 4 [products] 
[reactants] 


[cmo ]| Ан, | 
eq 7 [CH,OH][NH,] 


[н'](сн,о”] 
[СН.ОН] 
[a+] [Nn] 


+ 


Ба, 


К. reactant acid = 


K, product acid 


ін" | [CH,O7| 
К. reactant acid " [СН.ОН] 
eq 7 К, productacid _ [H"|[NH;] 


ЄЛ 


(сн,о”| Б н, | 


~ [мн,][сн;он) 


75. For a discussion of how to do problems such as Problems 75-77, see Special Topic I (pH, рКа, 
and Buffers) on p. 34. 


Ө [НА] 
рКа = pH + log [A] 


76. 


1. When the value of the pH is equal to the value of the рКа, the concentration of buffer in the 
acidic form equals the concentration of buffer in the basic form. 


2. When the solution is more acidic than the рК, more buffer species is in the acidic form than 
in the basic form 


3. When the solution is more basic than the рКа, more buffer species is in the basic form than in 
the acidic form. 


[HA] 
Ка = pH + log = 
P&g p 05 [A-] 


Because the pH of the blood (77.4) is greater than the pK, of the buffer (6.1), more buffer 


species is in the basic form than in the acidic form. Therefore, the buffer is better at neutralizing 
excess acid. 


a. 
am Lin dieacidir amount in the acidic form 
таспоп present in the acidic form = - — - - 
P amount in the acidic form + amount in the basic form 
" [HA] 
=‹ MELIOR n 
[НА] + [A] 


Because there are two unknowns, we must define one in terms of the other. 


By using the definition of the acid dissociation constant, we can determine [A 7] in terms of [HA]. 


x: - МИА 
8 = 
[НА] 
[A] = К, [НАЈ 
ІН”) 
Substituting the value of [A ] into the equation gives the fraction that is present in the acidic 
form 
[HA] [HA] 1 [H*] 
ENTRE IG = = = + 
[H] [H ] 
Therefore, the percent that is present in the acidic form is given by: 
Нн" 
2 ] 100 
[H] +K, 


Because the PK, of the acid is given as 5.3, we know that K, is 5.0 x 10° (pK, = -log Ka) 


Because the pH of the solution is given as 5.7, we know that ІН" is 2.0 x 10° (pH = -log[H" ]). 
Substituting into the equation that gives the percent that is present in the acidic form: 
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2.0 x 10% 
-------------- x 100 
2.0 x 10% + 5.0 x 10° 
-6 
20x О 00:9 294 
7.0 x 10 
| A [H^] 
b. percent present in the acidic form = s cdi. .80 
[Н] + Kg 
ІНІ = .80 (Н + ка ) 
[Н'] = .80[H"] + .80K, 
20{H] = .80 Ka 
ІНІ = 4K, 
[Н] = 4 x 50 x 106 
[Н] = 20 x 106 
pH = 4/7 
77. 
+1 ГА- H+ ГА- 
a g BA қ ol mw 
[HA] [HA] 
174x105 = . 2.00 x 1011 = 2 
10 - x 0.1 - x 
1.74 x 105 = x 200 x 10-12 = x2 
x = 416x103 x = 141x106 
pH = 2.38 РН = 5.85 
c. This question can be answered by plugging the numbers into the Henderson-Hasselbalch 
equation. 
Ка = pH + log 1299] 
РАа = р g [base] 
0.3 
3.76 = pH + + 


3.76 = pH + log3 
3.76 = pH + 0.48 


pH 


3.76 - 0.48 = 3.28 
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Chapter 1 Practice Test 


1. Answer the following: 
a. Which is a stronger acid, HCl or HBr? 
b. Which is a stronger base, NH3 or Н2О? 
c. Which bond has a greater dipole moment, a carbon-oxygen bond or a carbon-fluorine bond? 


d. Which has a dipole moment of zero, CHCl3 ог CCl4? 
2. What is the hybridization of the carbon atom in each of the following compounds? 
+ = . 
CH, CH, CH; 
3. Draw the Lewis structure for HCO37. 


4. The following compounds are drawn in their acidic forms, and their pKa's are given. 
Draw the form in which each compound would predominantly exist at РН = 8. 


Н 
CH4COOH CH,CH,OH CH;OH CH,CH;NH; 
pKa = 4.8 рКа = 15.9 рКа = -2.5 рКа = 11.2 


5. Which compound has greater bond angles, НзО+ or *NH4? 


| 6. What is the conjugate Базе of NH3? 


7. Give the structure of a compound that contains five carbons, two of which are sp? hybridized and 
three of which are sp3 hybridized. 


8. а. What products would be formed from the following reaction? 


+ 
CHOH + NH, 


b. Does the reaction favor reactants or products? 


10. 


11. 


12. 
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a. What orbitals do carbon's electrons occupy before promotion? 


b. What orbitals do carbon's electrons occupy after promotion? 


Which of the following compounds is a stronger acid? 


CH;CHCH,COOH or CH;CH,CHCOOH 
C | СІ 
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For each of the following compounds indicate the hybridization of the atom to which the arrow 


is pointing: 


о=с=0 НСОН HC=N СНзОСН, CH;CH=CH, 


Indicate whether each of the following statements is true or false: 
a. A pi bond is stronger than a sigma bond. 
b. A triple bond is shorter than a double bond. 


с. The oxygen-hydrogen bonds in water are formed by the overlap of an 


sp? orbital of oxygen with an s orbital of hydrogen. T 
d. НО- is a stronger base than “NH2. T 
e. А double bond is stronger than a single bond. T 
f. A tetrahedral carbon has bond angles of 107.5°. T 
g. A Lewis acid is a compound that accepts a share in a pair of electrons. T 


"n nM m 


ANSWERS TO ALL THE PRACTICE TESTS CAN BE FOUND AT THE END OF THE 
SOLUTIONS MANUAL 


SPECIAL TOPIC I 
pH, рКа , and Buffers 
This is a continuation of the discussion on acids and bases found in Section 1.16 - 1.21 on pages 39 - 55 
of the text. Now we will see how the pH of solutions of acids and bases can be calculated. We will look 
at three different kinds of solutions. 
1. A solution made by dissolving a Strong acid or a strong base in water. 
2. А solution made by dissolving a weak acid or a weak base in water. 


3. A solution made by dissolving a weak acid and its conjugate base in water. Such a solution is 
known as a buffer solution. 


Before we start, we need to review a few terms. 
Ап acid is a compound that donates а proton, and a base is a compound that accepts a proton. 


The degree to which an acid (HA) dissociates is described by its acid dissociation constant (K3). 


HA H + А 
к, ІН [А] 
[НА] 


The strength of ап acid can be indicated by its acid dissociation constant or by its рКа value. 


PKa = - log Ka 


The stronger the acid, the larger its dissociation constant and the smaller its рКа value. 
For example, an acid with a dissociation constant of 1 x 10-2 (рКа = 2) is stronger 
than an acid with a dissociation constant of 1 x 10-4 (рКа = 4). 


While the рКа scale is used to describe the strength of an acid, the pH scale is used to describe 
the acidity of a solution. In other words, the pH scale describes the concentration of hydrogen 
ions in a solution. 


pH = - log ІН" 
The smaller the pH, the more acidic the solution. Acidic solutions have pH values « 7; a neutral 
solution has a pH = 7; basic solutions have pH values » 7. 


A solution with a pH = 2 is more acidic than a solution with a pH - 4. 
A solution with a pH = 12 is more basic than a solution with a pH = 8. 


T ——MMRM— - ——— 
——MMM—— ——— - 
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Determining the pH of a Solution 


To determine the pH of a solution, the concentration of hydrogen ion [H*] in the solution must be 
determined. 


Strong Acids 


А strong acid is one that dissociates completely in solution. Strong acids have рКа values < 1. 


Because a strong acid dissociates completely, the concentration of hydrogen ions is the same as the 
concentration of the acid: а 1.0 M НСІ solution contains 1.0 M [H*]; a 1.5 M HCI solution contains 1.5 


M [H*]. Therefore, to determine the pH of a strong acid, the [H*] value does not have to be calculated; 
it is the same as the molarity of the strong acid. 


F 
solution [н | 

1.0 M HCI ‚ 10M 0 
1.0 x 10-2 M НСІ 1.0 x 102M 2.0 
6.4 x 1074 M HCl 6.4 х 104M 3.2 


Strong Bases 
Strong bases are compounds such as NaOH or KOH that dissociate completely in water. 


Because they dissociate completely, the [НОТ] is the same as the molarity of the strong base. 
The pOH scale describes the basicity of a solution. The larger the pOH, the more basic the solution. 


рОН = ~ log [НОГ] 


[НОЈ] and [Н+] are related by the water ionization constant (Kw). 


Ky = [H+] [HO] = 10714 


pH + рОН = 14 
solution [но] рон РН 
1.0 М NaOH 10M 0 140-0 =14.0 
1.0 x 107 M NaOH 10х10“М 4.0 14.0- 4.0-10.0 
7.8 x 10° M NaOH 7.8 x 10 M 1.1 14.0- ІЛ =12.9 
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Weak Acids 


A weak acid does not dissociate completely in solution. This means that [H*] must be calculated before 
the pH can be determined. 


Acetic acid (CH3COOH) is an example of a weak acid. It has an acid dissociation constant of 


1.74 x 10-5 (pK, = 4.76). The pH of a 1.00 M solution of acetic acid can be calculated as follows: 


СНзСООН == = н' + CH;COO 


к - ІНІСнусоо”| 
а [CH,COOH] 


Each molecule of acetic acid that dissociates forms one proton and one molecule of acetate ion. Thus 
the concentration of protons in solution equals the concentration of acetate ions. Each has a 
concentration that can be represented by x. The concentration of acetic acid therefore is whatever 
we started with minus x. 


174x10? = (x) (x) 
| 1.00 – х 


The denominator (1.00 — x) can be simplified to 1.00 because 1.00 is much greater than x. 


(When we actually calculate the value of x, we see that it is 0.004. And 1.00 — 0.004 = 1.00.) 


2 


-5 х 
174x105 = i00 
x = 417x10” 
РН = -1log4.17 x10? 
pH - 2.8 


Formic acid (HCOOH) has a рКа value of 3.75. The pH of a 1.50 M solution of formic acid can be 
calculated as follows: 


А compound with a рКа = 3.75 has an acid dissociation constant of 1.78 x 1074. 


HCOOH === H' + НСОО 


к _ Но] 
а [HCOOH] 


1.78 x 107 


Weak Bases 
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(х)(х) x 


150-х 1.50 
2.67х107 

1.63 x 107 

— log 1.63 x 107 
1.79 


When a weak base is dissolved in water, it accepts a proton from water, creating hydroxide ion. 
Determining the concentration of hydroxide allows the pOH to be determined, and this in turn allows the 


pH to be determined. 


The pH of a 1.20 M solution of sodium acetate can be calculated as follows: 


| CH4COO + H,O 


1.00 x 107^ 
1.74 x 107 


5.75 х 1079 


РН 


—> 
q 


CHCOOH + HO” 


[но |[сн,соон] 
[cH,coo | 
(x) (x) 


1.20-х 


x? 


120 

6.86 x 10 7? 
2.62 x 10? 

- log 2.62 x 10? 
4.58 

14.00 — 4.58 
9.42 


Notice that by setting up the equation equal to Ку/Ка, we can avoid the introduction of a new term (Kp). 
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Buffer Solutions 
A buffer solution is a solution that maintains nearly constant pH in spite of the addition of small 


amounts of Н+ or НО“. That is because a buffer solution contains both a weak acid and its conjugate 


base. The weak acid can donate a proton to any НО“ added to the solution, and the conjugate base can 


accept any Н+ that is added to the solution, so the addition of НО” or H+ does not significantly change | 
the pH of the solution. 


(In order to maintain approximately constant pH, the amount of H* or НО” added to the solution cannot 
exceed the concentration of the conjugate acid or base in the solution.) 


A buffer can maintain nearly constant pH in a range of one pH unit on either side of the pK; of the 
conjugate acid. For example, an acetic acid/sodium acetate mixture can be used as a buffer in the pH 


range 3.76 — 5.76 because acetic acid has a рКа = 4.76; methylammonium ion/methylamine can be used 
as a buffer in the pH range 9.7 - 11.7 because the methylammonium ion has a pKa = 10.7. 


The pH of a buffer solution can be determined from the Henderson-Hasselbalch equation. This equation 
comes directly from the expression defining the acid dissociation constant. Its derivation is found on 
page 52 of the text. 


Henderson-Hasselbalch equation 


[HA] 
[^] 
The pH of an acetic acid/sodium acetate buffer solution (рКа of acetic acid = 4.76) that is 1.00 M in 
acetic acid and 0.50 M in sodium acetate is calculated as follows: 


pK, = pH-log 


pK, = pH-+log 


4.76 = рН + log Eid 


4.76 = pH+log2 | 
4.76 = pH+0.30 
РН = 4.46 


Remember from Section 1.20 that compounds exist primarily in their acidic forms in solutions that 
аге more acidic than their рКа’з and primarily in their basic forms in solutions that are more basic 
than their pK,’s. Therefore, it could have been predicted that the above solution will have а pH less 
than the pKa of acetic acid because there is more conjugate acid than conjugate base present in the 
solution. 
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There аге three ways а buffer solution can be prepared: 


1. Weak Acid and Weak Base 


1. Weak Acid and week ess 


A buffer solution can be prepared by mixing a solution of a weak acid with a solution of its conjugate 
base. 


The pH of a formic acid/sodium formate buffer (рКа of formic acid = 3.75) solution prepared by mixing 
25 mL of 0.10 M formic acid and 15 mL of 0.20 M sodium formate is calculated as follows: 


molarity = moles. _ millimoles 
liters milliliters 


The number of millimoles (mmol) of each of the buffer components can be determined 
by multiplying the number of milliliters (mL) by the molarity (М). 


25mLx0.10M = 2.5 mmol formic acid 
15mLx0.20M = 3.0 mmol sodium formate 


(НА) 
рКа = pH + log TAT 
2.5 
3.75 = pH + lo 
р g 3.0 
3.75 = pH + log 0.83 
3.75 = pH - 0.08 
pH = 3.83 


It could have been predicted that the above solution would have a pH greater than the pKa of formic 
acid because there is more conjugate base than conjugate acid present in the solution. 


2. Weak Acid and Strong Base 


A buffer solution can be prepared by mixing a solution of a weak acid with a strong base such as NaOH. 
The NaOH reacts completely with the weak acid, thereby creating the conjugate base. For example, if 
20 mmol of a weak acid and 5 mmol of a strong base are added to a solution, the 5 mmol of strong base 


M with 5 mmol of weak acid, creating 5 mmol weak base and leaving behind 15 mmol of weak 
acid. 


The pH of a solution prepared by mixing 10 mL of a 2.0 M solution of a weak acid with a рКа of 5.86 
with 5.0 mL of a 1.0 M solution of sodium hydroxide can be calculated as follows: 
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The formulas describing the fraction present in the acidic or basic form are obtained from the definition 
of the acid dissociation constant. 


fraction present in the acidic form = ПИ NS 
[HA] + [А | 
< EA] 
Ы [НА] 
K [НА] 
а 


^] = ет 


i : 5 НА] [НА] 1 
fraction present in the acidic fo: = _ [НА] _ = 
j = [HA] + [А] К [НА] К, 
[НА] а : 1+ т 
ІН | Eg 


fraction present in the basic form = 


«ig 


[НА] = ДАН 


fraction present іп the basic form = _ {ay = =й. 
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Preparing Buffer Solutions 


The type of calculations discussed on pages 39-42 can be used to determine how to make a buffer 
solution. 


For example, how can 100 mL of a 1.00 M buffer solution of pH = 4.24 be prepared if you have 
available to you 1.50 M solutions of acetic acid, sodium acetate, НСІ, and NaOH? 


acetic acid has a рКа = 4.76 
Ін”) 


fraction present іп the acidic form at pH = 4.24 = кји и” 


[H] 5.75 x 10 


К +[H] — 174x105 + 5:75 x 107 


5.75 x 10? 
7.49 x 10° 
0.77 | 


5.75 х 10° 
7.49 x 10? 
0.77 


На 1.00 M buffer solution is desired, the buffer must be 0.77 M in acetic acid and 0.23 M in sodium 
acetate. 


Recalling that 
м = moles 
liter 
M = milimole = mmol 
milliliters mL 
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The formulas describing the fraction present in the acidic or basic form are obtained from the definition 
of the acid dissociation constant. 


[HA] 
[HA] + [А7] 


к =- ММ] 


fraction present in the acidic form = 


e] = Чг 


fraction present in the acidic form = TENES "ue EN = = К. 
[A] Lg 
. [mj 
K “|н” 
a 


fraction present in the basic form = 


[HA] + [A] 

= - [EE] 

а [НА] 

maj = ЕДА] 
raction present in the basic form = __[А] _ = [^] 

fraction p t in the b f = [НАЈ А] = А РЈ 
К. 
1 
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There are three ways such a buffer solution can be prepared: 


1. By mixing the appropriate amounts of acetic acid and sodium acetate in water, 
and adding water to obtain a final volume of 100 mL. 
The amount of acetic acid needed: 


[CH,COOH] = 0.77M 
rmmo = 077M 
100 mL 

x = 77mmol 


Therefore, we need to have 77 mmol of acetic acid in the final solution. 


To obtain 77 mmol of acetic acid from a 1.50 M solution of acetic acid: 


y mL 
y = 51.3 mL 


Notice that the formula М = mmol/mL was used twice. The first time it was used to determine 
the number of mmol of acetic acid that was needed in the final solution. The second time it was 
used to determine how that number of mmol could be obtained from an acetic acid solution of a 
known concentration. 


The amount of sodium acetate needed: 


(сн,соо:| = 0.23M 
x mmol 
— = (023 
100 mL 
х = 23mmol 


To obtain 23 mmol of sodium acetate from a 1.50 M solution of sodium acetate: 


23mmo — 1.50 М 
ymL 
y = 153mL 


The desired buffer solution can be prepared using: 51.3 mL 1.50 M acetic acid 


15.3 mL 1.50 M sodium acetate 
33.4 mL H50 


Special Topic I 45 


2. By mixing the appropriate amounts of acetic acid and sodium hydroxide, 
and adding water to obtain a final volume of 100 mL. 
Sodium hydroxide is used to convert some of the acetic acid into sodium acetate. 
This means that acetic acid will be the source of both acetic acid and sodium acetate. 


The concentrations needed are: (СНҘСООН) = 1.00 М 


[NaOH] = 0.23M 


The amount of acetic acid needed: 
[СНзСООН] = 1.00M 


xmmol _ 100M 
100 mL 


x = 100mmol 


To obtain 100 mmol of acetic acid from a 1.50 M solution of acetic acid: 


100 mmol 


= 150M 
ymL 
у = 66.7 mL 
The amount of sodium hydroxide needed: 
[NaOH] = 023M 
x mmol 
= 023M 
100 mL 
x - 23mmol 


To obtain 23 mmol of sodium hydroxide from a 1.50 M solution of NaOH: 


23 mmol 
ymL 


= 150M 
y = 
The desired buffer solution can be prepared using: 66.7 mL 1.50 М acetic acid 


15.3 mL 1.50 M NaOH 
18.0 mL H20 


15.3 mL 
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3. By mixing the appropriate amounts of sodium acetate and hydrochloric acid, 
and adding water to obtain a final volume of 100 mL. 
Hydrochloric acid is used to convert some of the sodium acetate into acetic acid. 
This means that sodium acetate will be the source of both acetic acid and sodium acetate. 


The concentrations needed are: [CH;COONa] = 100М 
[HCl] = 0.77M 


The amount of sodium acetate needed: 


[CH,COONa] = 1.00M 
x mmol = 100M 
100 mL 
x = 100mmol 


To obtain 100 mmol of sodium acetate from a 1.50 M solution of sodium acetate: 


100 mmol = 15M 
ymL 
y = 66.7mL 
The amount of hydrochloric acid needed: 
[НСІ] = 0.77M 
x mmol 
= 0.77M 
100 mL 
x = 77 mmol 


To obtain 77 mmol of hydrochloric acid from a 1.50 M solution of НС: 


77 
О 3 ан 
ymL 

y = 51.3mL 


100 mL of a 1.00 M acetic acid/acetate buffer cannot be made from these reagents, because the 
volumes needed (66.7 mL + 51.3 mL) add up to more than 100 mL. To make this buffer using 
sodium acetate and hydrochloric acid, you would need to use a more concentrated solution of 
sodium acetate or a more concentrated solution of НСІ. 


Y^ 


ғ 
д 
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Problems on pH, pKa, and Buffers 
1. Calculate the pH of each of the following solutions. 


a. 1х 102 M HCI 
b. 0.60 M На 


c. 1.40 x 10-2 М HCI 
d. 1x 102» M KOH 


e. 3.70 x 10-4 M NaOH 


f. 1.20 M solution of an acid with a pKa = 4.23 


2. 1.60 x 102 M sodium acetate (рКа of acetic acid = 4.16) 


2. Calculate the pH of each of the following buffer solutions: 


a. A buffer prepared by mixing 20 mL of 0.10 M formic acid and 15 mL of 0.50 M sodium 
formate (pK, of formic acid = 3.75). 


b. A buffer prepared by mixing 10 mL of 0.50M aniline and 15 mL of 0.10 М HCI (рКа of the 
anilinium ion = 4.60). 


с. A buffer prepared by mixing 15 mL of 1.00 M acetic acid and 10 mL of 0.50 M NaOH (pKa 
of acetic acid = 4.76). 


3. What fraction of a carboxylic acid with рКа = 5.23 would be ionized at pH = 4.98? 


4. What would be the concentration of formic acid and sodium formate in a 1.00 M buffer solution 
with a pH = 3.12? 


5. You have found a bottle labeled 1.00 M RCOOH. You want to determine what carboxylic acid 
it is, so you decide to determine its рКа. How would you do this? 


6. a. How would you prepare 100 mL of a buffer solution that is 0.30 M in acetic acid and 0.20 M 
in sodium acetate using a 1.00 M acetic acid solution and a 2.00 M sodium acetate solution? 


b. The pK, of acetic acid is 4.76. Would the pH of the above solution be greater or less than 
4.76? 


7. You have 100 mL of a 1.50 M acetic acid/sodium acetate buffer solution that has a РН = 4.90. 
How could you change the pH of the solution to 4.50? 
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10. 


11. 


12. 
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You have 100 mL of a 1.00 M solution of an acid with a pK, = 5.62 to which you add 10 mL of 
1.00 M sodium hydroxide. What fraction of the acid will be in the acidic form? How much 
more sodium hydroxide will you need to add in order to have 40% of the acid in the acidic form? 


Describe three ways to make a 1.00 M acetic acid/sodium acetate buffer solution with a РН = 
4.00. 


You have available to you 1.50 M solutions of acetic acid, sodium acetate, sodium hydroxide, 
and hydrochloric acid. How would you make 50 mL of each of the buffers described in the 
preceding problem? 


How would you make a 1.0 M buffer solution with a pH = 3.30? 


You are planning to carry out a reaction that will produce protons. In order for the reaction to 
take place at constant pH, it will be carried in a solution buffered at pH — 4.2. Would it be better 
to use a formic acid/formate buffer or an acetic acid/acetate buffer? 
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Answers to Problems on pH, pK,, and Buffers 


1. 
а. pH = -log 1x 10> d. 
pH = 3 
b. pH = - log 0.60 
pH = 0.22 
-2 
с. pH = -log 1.40 x 10 
pH = 1.85 
f. pKa = 4.23, Ка = 5.89x 105 
к - ВА] 
а [НА] 
2 
589x102 = — 
1.20 
x = 7.07x10° 
x = 841x10° 
pH = 2.08 
5. 
К, (НО ]|НА] 
K, [a>] қ 
1.0x 107^ х? 
1.74 x 107 1.60 x 10? 
2 
55x10" = ——t — 
1.60 x 10 
x! = 9.20х1077 
x = 3.03x10° 
РОН = 5.52 


РОН = -log1 x 10? 


РОН = 3 
РН = 14-3 = 11 


е. РОН = – log 3.70 x 10^ 


pOH - 3.43 
pH = 10.57 


rco (Kg = 107476 = 1.74 x 10° 


= 14.00-5.52 = 8.48 
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a. formic acid: 20 mL x 0.10 M = 2.0 mmol 


sodium formate: 


рк, = 


> 
~] 
CA 
lt 


10 mL x 0.50 
15 mL x 0.10 


b. aniline: 
НСІ: 


5.0 mmol 


i 


1.5 mmol 


= 
с 
© 
[ 


ы = = 
ana 
Hoc 
ини 


с. acetic acid: 


NaOH: 


15 mL x 1.00 = 
10 mL x 0.50 = 


рк, = 


4.76 = 


4.76 = 
4.76 = 
pH = 


The ionized form is the basic form. 


К. Е 5.89 x 10° 
K + [|] | 


0.36 


15 mmol —= 


5.89 x 10% + 10.47 x 10% 


15 mL x 0.508 М = 7.5 mmol 


[HA] 
[А] 


2.0 
H + log — 
ENTE S 


pH + log 


pH + log 0.27 
pH + (-0.57) 
4.32 


—» 3.5 mmol aniline (RNH)) 


—= 1.5 mmol anilinium hydrochloride (RNHs) 


[HA] 
H + lo 
d 

1.5 
H + log — 
poto us 


pH + log 0.43 
РН + (-0.37) 
4.97 


10 mmol acetic acid 


5.0 mmol —* 5.0 mmol sodium acetate 


pH + log ІЗ 


10 
H + log —— 
а ет 


pH + log 2 
pH + 0.30 
4.46 


5.89 x 107 
16.36 x 10 * 
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pK, = pH+ log ТА 
3.75 = 3.12 + log a 
_ js НА) 
0.63 = log [A] 
[HA] 
4.27 = чт 
[^ | 


[НА] = 427[А ] 
[НАЈ +[А`] = 10M 
4.27 [А7]+[А`] = 10M 

5.27 [А | | 

ГА”) 

[sodium formate] = 019М 
[formicacid] = 0.81М 


! || 
о r 
= © 
= < 


pK, = pH+ log a 
when [HA] = [4] 
pK, - pH 


a 


Preparing a solution of x mmol of RCOOH and 1/2 x mmol NaOH will give a solution in which 
[RCOOH] - [Rcoo |, 


For example: 20 mL of 1.00 M RCOOH = 20 mmol 
10 mL of 1.00 M NaOH = 10 mmol 


This will give a solution that has 10 mmol RCOOH and 10 mmol RCOO'". 


The pH of this solution is the рКа of RCOOH. ат 


{ 
p 
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a. 
xmmol _ 0.30M xmmo _ 020М 
100 mL 100 mL 
x = 30mmolof acetic acid x - 20mmol of sodium acetate 
30mmol . 1.00M 20 mmol - 200M 
ут. ymL 


30 mL of 1.00 M acetic acid y = lO0mL of 2.00 M acetic acid 


< 
Il 


The buffer solution could be prepared by mixing: 30 mL of 1.00 M acetic acid 
10 mL of 2.00 M sodium acetate 
60 mL of water 


b. Because the concentration of buffer in the acidic form (0.30 M) is greater than the 
concentration of buffer in the basic form (0.20 M), the pH of the solution will be less than 
4.76. 


[HA] 


[^] 


pK, = pH-log 


original solution 


4.76 = 4.90- ор ШЫ 


[НА] 
—0.14 = 0 
* [^] 
[HA] 
0.72 = == 
[А] . 


[НА] = 0.72[А] 
[НА] + [А] = 150M 
0.72 [А-]+[А?] = 150M 


172|a] = 150M 
[^] = 087M 
[НА] = 0.63M 
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desired solution 


- [НА] 
4.76 = 4.50 + log [А] 
[НА] 
0.26 = lo 
[А] 
[НА] 
1.82 = == 
[A] 


[HA] 
[НА] + [А7] = 150M 
1.82 [А“ | +[А“] = 150M 
2.82[А`] = 150M 


[^] = 0.53M 
[НА] = 097М 


The original solution contains 87 mmol of А- (100 mL x 0.87 M). 
The desired solution with a pH = 4.50 must contain 53 mmol of A". 
Therefore, 34 mmol of А“ (87 – 53 = 34) must be converted to HA. 


: This can be done by adding 34 mmol of НСІ to the ori ginal solution. 


If you have a 1.00 M НСІ solution, you will need to add 34 mL to the original solution 
in order to change its pH from 4.90 to 4.50. 


34 mmol 


1.00 M 
x mL 


it 


x = 34mL 
Note that after adding НСІ to the original solution, it will no longer be a 1.50 M buffer; 
it will be more dilute (150 mm/134 mL - 1.12 M). 


The change in the concentration of the buffer solution will be less if a more concentrated solution 
of НС! is used to change the pH. If you have a 2.00 M НСІ solution: 


34 mmol 


2.00M 
x mL 


x = 17, 
You will need to add 17 mL to the original solution, and the concentration of buffer species will 
be 1.28 M (150 mm/117 mL = 1.28 M). 


ЖАА «щы 


^ < 


Hn 
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8. 
acid: — 100 mL x 1.00 = 100 mmol —- 90 mmol HA 
NaOH: 10mL x 1.00 = 10 што! —> 10 mmol А“ 
Therefore, 90% is in the acidic form. 
For 40% to be in the acidic form you need: 
40 mmol HA 
60 mmol А” 
You need to have 60 mmol rather than 10 mmol in the basic form. To get the additional 50 mmol 
in the basic form, you would need to add 50 mL of 1.0 M NaOH. 
9. 
[HA] 
K = pH+lo 
pA, P g [ A | 
4.76 = 4.00+102 [НА] 
|^] 
0.76 - log [НА] 
[^] 
[HA] 


5.75 = [А] now take the ап ог of both sides 


[НА] = 5.75[А-] 
[НА] + [А] = 10м 
5.75 [А] +[А"] = 10M 
6.75[А-] = 10M 

[А] = 0.15м 


[НА] = 0.85M 


[acetic acid] = 0.85 м [sodium acetate] = 1.00 M 
[sodium acetate] = 0.15 м [HCl] = 0.85 м 


[acetic acid = 100M 
[NaOH] = 0.15M 


10. а. 
x mmol 


50 mL 
x 


42.4 mmol 
ymL 


50 mmol 
ymL 


7.5 mmol 
ymL 
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= 0.85M 


42.5 mmol of acetic acid 


1.50 М 


28.3 mL of 1.50 M acetic acid 


= 0.15M 


7.5 mmol of sodium acetate 


1.50M 


5.0 mL of 1.50 M sodium acetate 


28.3 mL of 1.50 M acetic acid 
5.0 mL of 1.50 M sodium acetate 
16.7 mL of H50 


1.00M 


50 mmol of acetic acid 


1.50M 


33.3 mL of 1.50 M acetic acid 


= 015М 


7.5 mmol of NaOH 


1.50 М 


5.0 mL of 1.50 M NaOH 


33.3 mL of 1.50 M acetic acid 
5.0 mL of 1.50 M NaOH 
11.7 mL of H20 
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c. 


mmol „. 60M 
50 mL 
x = 50mmol of sodium acetate 
50 mmol 1.50M 
ymL 


y = 333mL of 1.50 M sodium acetate 


x mmol 


= 0.85M 
42.5 mm 


42.5 mmol _ 15м 
ymL 
y = 283mL of 1.5 МНС! 


We cannot make the required buffer with these solutions, because 33.3 mL + 28.3 mL > 50 mL. 


11. Because formic acid has a pK, = 3.75, a formic acid/formate buffer can be a buffer at pH = 3.30. 


pK, = pH-log А] 
3.75 = 3.30 +102 a 
2 log НА] 

0.45 = log ГӘ 
2.82 = [HA] 


[НА] = 2.82[A ] 
[НА]+[А-] = 10м 
2.82 [А ] [А] = LOM 
3.82 [A] 


T 
© 
< 
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0.26М 
0.74 М 


[А] 


[НА] 


The solution must have [formic acid] = 0.74 M and [sodium formate] = 0.26 M. 


12. — At pH = 4.20, 74% of the formate buffer will be in the basic form. 


pH = 4.20, [H*] = 6.31 x 105 | Formic acid has a рКа = 3.75, Ка = 1.78 10-4. 
К, _ 1.78x10* А 1.78 x 107 
К +|Н'] — 1.78х10“+ 6.31x10° — 1.78x10*+ 0.63x 10^ 
_ 178x10* 
2.41x 10“ 
= 0.74 


At pH = 4.20, 22% of the acetate buffer will be in the basic form. 
pH = 4.20, [Н+] = 6.31 x 10-5 Acetic acid has a рКа = 4.76, Ка = 1.74 x 105. 


Ка _ 1.74 x 10? 
К *|H'| | L74x105 631x102 


1.78 x 10? 
8.05 x 10? 
- 022 


The reaction to be carried out will generate protons that will react with the basic form of the 
buffer in order to keep the pH constant. Therefore, the formate buffer is preferred because it has 
a greater percentage of the buffer in the basic form. 


| 
| 
| 
| 
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CHAPTER 2 
An Introduction to Organic Compounds: 
Nomenclature, Physical Properties, and Representation of Structure 


Important Terms 


alcohol a compound with an OH group in place of one of the hydrogens of an 
alkane (ROH). 

alkane a hydrocarbon that contains only single bonds. 

alkyl halide à compound with a halogen in place of one of the hydrogens of an alkane. 

alkyl substituent a substituent formed by removing a hydrogen from an alkane. 

amine a compound in which one or more of the hydrogens of NH; is replaced by 


an alkyl substituent (RNH?, КОМН, БМ). 


angle strain the strain introduced into a molecule as a result of its bond angles being 
distorted from their ideal values. 

anti conformer the staggered conformer in which the largest substituents bonded to the tw 
carbons are opposite each other. It is the most stable of the staggered 
conformers. 

axial bond a bond of the chair form of cyclohexane that is perpendicular to the plane 

in which the chair is drawn (an up-down bond). 

banana bonds the bonds in small rings that are slightly bent as a result of orbitals 
overlapping at an angle rather than overlapping head-on. 

boat conformation the conformation of cyclohexane that roughly resembles a boat. 

boiling point the temperature at which the vapor pressure of a liquid equals the 


atmospheric pressure. 


chair conformation the conformation of cyclohexane that roughly resembles a chair. It is the 
most stable conformation of cyclohexane. 


cis fused two rings fused together in such a way that if the second ring were 
considered to be two substituents of the first ring, the two substituents 
would be on the same side of the first ring. 

cis isomer the isomer with both hydrogens on the same side of the double bond. 


cis-trans stereoisomers geometric (ог E, Z) isomers. 
(geometric isomers) 


common name nonsystematic nomenclature. 
conformation the three-dimensional shape of a molecule at a given instant. 


conformational analysis ^ the investi gation of various conformations of a compound and their relative 
stabilities. 


conformers 


constitutional isomers 
(structural isomers) 


cycloalkane 


1,3-diaxial interaction 


dipole-dipole interaction 
eclipsed conformation 
equatorial bond 


ether 


flagpole hydrogens 


functional group 


gauche conformer 


gauche interaction 


geometric isomers 
(cis-trans stereoisomers) 


half-chair conformer 
homolog 


homologous series 


hydrocarbon 


hydrogen bond 


induced dipole-induced 
dipole interaction 
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different conformations of a molecule. 


molecules that have the same molecular formula but differ in the way the 
atoms are connected. 


an alkane with its carbon chain arranged in a closed ring. 


the interaction between an axial substituent and the other two axial 
substituents on the same side of the cyclohexane ring. 


an interaction between the dipole of one molecule and the dipole of 
another. 


a conformation in which the bonds on adjacent carbons are parallel to each 
other as viewed looking down the carbon-carbon bond. 


a bond of the chair form of cyclohexane that juts out from the ring in 
approximately the same plane that contains the chair. 


a compound in which an oxygen is bonded to two alkyl groups (ROR). 


the two hydrogens in the boat conformation of cyclohexane that are closest 
to each other. 


the center of reactivity of a molecule. 
a staggered conformer in which the largest substituents bonded to the two 
carbons are gauche to each other; i.e., they have a dihedral angle of 
approximately 60°. 

x 


Y 
The substituents are gauche to each other. 


the interaction between two atoms or groups that are gauche to each other. 


cis-trans (or E, Z) isomers. 


the least stable conformation of cyclohexane. 
a member of a homologous series. 


a family of compounds in which each member differs from the next by one 
methylene group. 


a compound that contains only carbon and hydrogen. 


an unusually strong dipole-dipole attraction (5 kcal/mol) between a 
hydrogen bonded to O, N, or F and the lone pair of a different O, N, or F. 


an interaction between a temporary dipole in one molecule and the dipole 
that the temporary dipole induces in another molecule. 


n Ó——— Á—nÁ M —— A UÜ— 
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IUPAC nomenclature systematic nomenclature. 
melting point the temperature at which a solid becomes a liquid. 
methylene group a CH? group. 
Newman projection a way to represent the three-dimensional spatial relationships of atoms 
by looking down the length of a particular carbon-carbon bond. 
packing the property that determines how well individual molecules fit into a 
crystal lattice. 
parent hydrocarbon the longest continuous carbon chain in a molecule. 
perspective formula a way to represent the three-dimensional spatial relationships of atoms 
using two adjacent solid lines, one solid wedge and one hatched wedge. 
polarizability the ease with which an electron cloud of an atom can be distorted. 
primary alcohol an alcohol in which the OH group is bonded to a primary carbon. 
primary alkyl halide an alkyl halide in which the halogen is bonded to a primary carbon. 
primary amine an amine with one alkyl group bonded to the nitrogen. 
primary carbon a carbon bonded to only one other carbon. 
primary hydrogen a hydrogen bonded to a primary carbon. 
| eee ammonium a nitrogen compound with four alkyl groups bonded to the nitrogen. 
| за | 
| ring-flip (chair-chair the conversion of a chair conformer of cyclohexane into the other chair 
| interconversion) conformer. Bonds that are axial in one chair conformer are equatorial in th 
B other chair conformer. 
sawhorse projection a way to represent the three-dimensional spatial relationships of atoms 
by looking at the carbon-carbon bond from an oblique angle. 
secondary alcohol an alcohol in which the OH group is bonded to a secondary carbon. 
secondary alkyl halide an alkyl halide in which the halogen is bonded to a secondary carbon. 
secondary amine an amine with two alkyl groups bonded to the nitrogen. 
secondary carbon a carbon bonded to two other carbons. 
| зесопдагу ћудгореп а hydrogen bonded to a secondary carbon. 
| skeletal structure a structure that shows the carbon-carbon bonds as lines and does not show 


the carbon-hydrogen bonds. 


skew-boat conformer one of the conformations of a cyclohexane ring. 


solubility 


solvation 


staggered conformation 


steric hindrance 


steric strain 


straight-chain alkane 


structural isomers 
(constitutional isomers) 


symmetrical ether 
systematic nomenclature 
tertiary alcohol 

tertiary alkyl halide 
tertiary amine 

tertiary carbon 

tertiary hydrogen 


torsional strain 


trans-fused 


trans isomer 
twist-boat conformer 
unsymmetrical ether 


van der Waals forces 
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the extent to which a compound dissolves in a solvent. 


the interaction between a solvent and another molecule (or ion). 


a conformation in which the bonds on one carbon bisect the bond angle on 
the adjacent carbon when viewed looking down the carbon-carbon bond. 


hindrance due to groups occupying a volume of space. 


the repulsion between the electron cloud of an atom or group of atoms and 
the electron cloud of another atom or group of atoms. 


an alkane in which the carbons form a continuous chain with no branches. 


molecules that have the same molecular formula but differ in the way the 
atoms are connected. 


an ether with two identical substituents bonded to the oxygen. 
IUPAC nomenclature. 

an alcohol in which the OH жон is bonded to a tertiary carbon. 
an alkyl halide in which the halogen is bonded to a tertiary carbon. 
an amine with three alkyl groups bonded to the nitrogen. 

a carbon bonded to three other carbons. 

a hydrogen bonded to a tertiary carbon. 


the repulsion felt by the bonding electrons of one substituent as they pass 
close to the bonding electrons of another substituent. 


two rings fused together in such a way that if the second ring were 
considered to be two substituents of the first ring, the two substituents 
would be on opposite sides of the first ring. 

the isomer that has the hydrogens on opposite sides of the double bond. 


one of the conformations of a cyclohexane ring. 


an ether with two different substituents bonded to the oxygen. 


induced dipole-induced dipole interactions. 
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Solutions to Problems 


1. 


Notice that each carbon forms fours bonds and each hydrogen and bromine forms one bond. 


CH, 
CH;,CH,CH,CH,Br CH,CHCH;CH; CH,CHCH,Br СНС СНз 
Вг CH, Br 
n-butyl bromide sec-butyl bromide isobutyl bromide tert-butyl bromide 
or 
butyl bromide 


Dibromomethane does not have constitutional isomers. 


If carbon were flat, the two structures shown below would be different, because the Br's would 
be 90? apart in one compound and 180? apart in the other compound. 


Because carbon is tetrahedral, the two structures are identical. 


Ў i 
H—C—Br H—C-H 
Br Br 
сњ 
а. СН;СНОН с. CH,CH;CHI e СНЗСМН; 
CH, CH, CH, 
(На 4 
b. CH,CHCH;CH;F 4. CH,CCH,C| f. CH;CH;CH;CH;CH;CH;CH;CB5Br 
CH; CH; 
y Tor quo pus 
a. CHCHCHCH;CH;CH; b. CH;CHCH;C—CHCH;CH; 
CH; CHCH; 


CH; 
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сн;сн; CH; CH; 
c. CH;CH;CH;CCH;CH;CH;CH;CH;CH; e. CH;CHCH;CHCHCH;CH;CH; 
CH,CH, | СН? 
CHCH; 
CH; CH; 
4. CH,CCH;CHCH;CH;CH;CH; f. CH;CH;CH;CHCH;CH;CH;CH; 
а. снұссн; 
çH СН; 
СН; 
5. а 
СН; СН: 
#1 CH3CH,CH,CH,CH,CH,CH,CH, #7 CH3CH —CHCH;CH;CH4 
octane 2,3-dimethylhexane 
б. св, 
#2 CH,CHCH;CH;CH;CH;CH, | #8 СН:СНСН,СНСН,СН; 
СН: 2, 4-dimethylhexane 
2-methylheptane 
ев, 
#3  CH,CH;CHCH;CH;CH;CH, #9 СН;СНСН;СН;СНСН; 
Н; 2,5-dimethylhexane 
3-methylheptane 
CH; CH, 
#4 CH3CH,CH,CHCH,CH,CH, #10 CH;CH;CH-CHCH;CH, 
CH; 3,4-dimethylhexane 
4-methylheptane 
CH; | СН: СН; 
#5 CH;CCH;CH;CH;CH; #1  CH,C—CHCH;CH; 
СН, CH; 
2,2-dimethylhexane 2,2,3-trimethylpentane 
сн, (m єн, 
#6 CH;CH;CCH;CH;CH, #12 CH3CCH,CHCH, 
CH, CH; 


3,3-dimethylhexane 


2,2,4-trimethylpentane 
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CH, CH; 
#13 CH;CH—CCH;CH; #16 CH;CH;CHCH;CH;CH; 
CH; CH;CH; 
2,3,3-trimethylpentane 3-ethylhexane 
cn, ену gs си, 
#14  CH,CH—CH-CHCH; #17 CH,CH;CHCHCH; 
2,3,4-trimethylpentane CHCH, 
3-ethyl-2-methylpentane 
M EC HS CH; 
$15 CH;C—CCH; #18 CH;CH;CCH;CH, 
CHCH; СН;СН; 
2,2,3,3-tetramethylbutane 3-ethyl-3-methylpentane 


b. The systematic names are under the compound. 

c. Only #1 (n-octane) and #2 (isooctane) have common names. 
d. #2, #7, #8, #9, #12, #13, #14, #17 

е. #3, #8, #10, #11 

f. #5, #11, #12, #15 


6. a. 2,2,4-trimethylhexane e. 3,3-diethyl-4-methyl-5-propyloctane 
b. 2,2-dimethylbutane f. 3-methyl-4-propylheptane 
c. 3,3-diethylhexane g. 5-ethyl-4,4-dimethyloctane 
d. 2,5-dimethylheptane h. 4-isopropyloctane 
7. 
сн; CH; CH; 
a. CH;CH,CH,CH,CH, b. CH;CCH; c CH;CHCH,CH, d. СЊСНСЊСНа 
CH; 


pentane 2,2-dimethylpropane 2-methylbutane 2-methylbutane 
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| a Aon c. Де 


9, а. l-ethyl-2-methylcyclopentane 


е 


. 2-cyclopropylpentane 


ж” 


b. ethylcyclobutane 1-ethyl-3-isobutylcyclohexane 


c. 4-ethyl-1,2-dimethylcyclohexane . 5-isopropylnonane 


= аа 


d. 3,6-dimethyldecane . l-sec-butyl-4-isopropylcyclohexane 


10. а. sec-butyl chloride с. cyclohexyl bromide 
2-chlorobutane bromocyclohexane 
secondary secondary 
b. isohexyl chloride d. isopropyl fluoride 
1-chloro-4-methylpentane 2-fluoropropane 
. primary secondary 
| 
| 11. 
| a. Ж b. Cl CH, 


Note that the name of a —CH,Cl 
substituent is "chloromethyl", 
because а Cl is in place of one of the 
H's of a methyl substituent. 


| 
| chloromethylcyclohexane 1-chloro-1-methylcyclohexane 


B CH, CH, CH; 
cl 


Cl 
1-chloro-2-methylcyclohexane 1-chloro-3-methylcyclohexane 1-chloro-4-methylcyclohexane 


| 
| 
| Cl 
| 
| 
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12. а. 1. methoxyethane 
2. ethoxyethane 
3. 4-methoxyoctane 


b. No. 


c. 1. ethyl methyl ether 
2. diethyl ether 
3. no common name 


13. CH40H 
common = methyl alcohol 
systematic = methanol 
CH3CH,0H 


common = ethyl alcohol 
systematic = ethanol 


CH3CH,CH,0H 

common = propyl alcohol or 
n-propyl alcohol 

systematic = 1-propanol 


-propoxybutane 


4.1 
5. 2-isopropoxypentane 
6.1 


-isopropoxy-3-methylbutane 


4. butyl propyl ether 
5. no common name 
6. isopentyl isopropyl ether 


CH43CH5CH4CH50H 
common = butyl alcohol or n-butyl alcohol 
systematic = 1-butanol 


СН;СН-СН-СН;СН-ОН 
common = решу! alcohol ог n-pentyl alcohol 
systematic = 1-рещапо] 


CH3CH5CH;CHR4CH4CH4O0H 
common = hexyl alcohol or 
п-һехуі alcohol 

systematic = 1-hexanol 


14, a. 1-pentanol . 5-methyl-3-hexanol 
primary secondary 
b. 4-methylcyclohexanol e. 2,6-dimethyl-4-octanol 
secondary secondary 


с. 5-chloro-2-methyl-2-pentanol f. 4-chloro-3-ethylcyclohexanol 
tertiary secondary 


15. 


р RS 6 


ОН 
сњ с, сњ 
он OH OH CH, 


2-methyl-2-pentanol 3-methyl-3-pentanol 


2,3-dimethyl-2-butanol 


17. 


18. 


19. 


20. 


a. hexylamine 
]-hexanamine 


b. butylpropylamine 
N-propyl-1-butanamine 


c. sec-butylisobutylamine 
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d. diethylpropylamine 
N,N-diethyl-1-propanamine 


e. cyclohexylamine 
cyclohexanamine 


N-isobutyl-2-butanamine (notice that the longest continuous chain has 4 carbons) 


а. CH,CH;CH;NHCH;CHCH; 
CH; 


b. CH;CH,NHCH,CH, 


с. CH HCH,CH,CH,CH,NH, 
CH, 


a. 6-methyl-1-heptanamine 
isooctylamine 
primary 


b. 3-methyl-N-propyl-1-butanamine 
isopentylpropylamine 
secondary 


d. CH,CH,CHjNCH;CH;CH; 
CH, 


€ — CH,CH;CHCH;CH; 
А ~ 


c. N-ethyl-N-methylethanamine 
diethylmethylamine 
tertiary 


d. 2,5-dimethylcyclohexanamine 
no common name 
primary 


a. The bond angle is predicted to be similar to the bond angle in water (104.5") 
b. The bond angle is predicted to be similar to the bond angle in ammonia (107.3°) 
с. The bond angle is predicted to be similar to the bond angle in water (104.5°) 


d. The bond angle is predicted to be similar to the bond angle in the ammonium ion (109.5°) 


a. 1,4, and5 
b. 1,2, 4, 5, and6 
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21. 


22. 


23. 
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oo Sees 3-Н 9-сн; 
H H H 

| i 

| 

9-н 9-сн; 
Н H 


b. Each water molecule has two hydrogens that can form hydrogen bonds, whereas each 
ammonia has three hydrogens that can form hydrogen bonds. However, oxygen is more 
electronegative than nitrogen, so the hydrogen bonds between water molecules are stronger 
than the hydrogen bonds between ammonia molecules. Because the number of hydrogen 
bonds supports ammonia as having the higher boiling point but the strength of the hydrogen 
bonds supports water, we could not have predicted which would have the higher boiling 
point. However, being told that water has the higher boiling point we can conclude that the 
greater electronegativity of oxygen compared to nitrogen is more important than the number 
of hydrogens that can form hydrogen bonds. 


c. Each water molecule has two hydrogens that can form hydrogen bonds, whereas each 
molecule of hydrogen fluoride has only one hydrogen that can form a hydrogen bond. 
However, fluorine is more electronegative than oxygen. Again we cannot predict which will 
have the higher boiling point, but we can conclude from the fact that water has the higher 
boiling point that in this case the greater number of hydrogens that can form hydrogen bonds 
is more important than the greater electronegativity of fluorine compared to oxygen. 


OH OH OH NH, 


a CH;CH;CH;CH;CH;CHjBr > CH3;CH,CH,CH,CH,Br > CH,CH,CH,CH,Br 


b. CH3CH,CH,CH,CH,CH,CH,CH,CH; > CH;CH;CH;CH;CH;CH,CH,CH, > 


ње CH; 
CH3CHCH;CH;CH;CH;CH, > CH3C-CCH; 
CH, Н.С сн, 


€  CH;CH;CH;CH;CH;0H > CH;CH,CH,CH,OH > CH,CH)CH,CH,Cl > 


CH3;CH,CH,CH,CH, 


2A. 


b. — NH, 
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a. HOCH,CH,CH;OH > CH,CH,CH,OH > CH,CH,CH,CH,OH > CH;CH;CH;CH;CI 


CH, The amine is more soluble 
in water than the alcohol, 
because the amine has two 

> hydrogens that can form 
hydrogen bonds with water. 


25. Because cyclohexane is a nonpolar compound it will have the lowest solubility in the most polar 
solvent, which, of the solvents given, is ethanol. 


CH;CH,CH,CH,CH,OH CH;CH,OCH,CH, CH;CH,OH CH;CH;CH;CH;CH;CH, 


1-pentanol 


26. 


A 
CH; 

H H 

H H 
CH;CH; 
D 


diethyl ether ethanol hexane 
CH, HCH; 
H CH,CH; 
К 5 н CHCH; 
H 
B C 
H CH, CH; 
C HCH, H 
H H H H 
CH4CH; H 
E Е 


70 Chapter 2 


b. 
potential 
energy 
0 60 120 180 240 300 360 
Degrees of Rotation 
27. 
a CH; b. СН-СН; CHCH, 
H CH; H H H H 
H H H CH, CH; CH, 
CH,CH; CH,CH, CH;CH; 
28. 
a. 180° – 200 b. 180" – о 
8 
180° – 45° = 135° 180°- 40° = 140 


29. | Hexethal would be expected to be the more effective sedative because it is more nonpolar than 
barbital since hexethal has a hexyl group in place of the ethyl group of barbital. Being more 
nonpolar, hexethal will be better able to penetrate the nonpolar membrane of the cell. 


30. 
CH, CH; 
a. СН; b. CH 
НС СН; 
) НС сн; 
С HC 
CH; CH, 


31. 


32. 


33. 


34. 


35. 


36. 
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The "strainless" heat of formation of cycloheptane is 7 (- 4.92) = - 34.4 kcal/mol 
The actual heat of formation of cycloheptane is - 28.2 kcal/mol (from Table 2.9 on p. 96 of the 
text.) 


You can get the total strain energy of cycloheptane by subtracting the strainless heat of formation 
from the actual heat of formation: - 28.2 - (- 34.4) = 6.2 kcal/mol 


Two 1,3-diaxial (gauche) interactions cause the chair conformer of fluorocyclohexane to be 

0.25 kcal/mol less stable when the fluoro substituent is in the axial position than when it is in the 
equatorial position. 

The gauche conformer of 1-fluoropropane has one gauche interaction (See Figure 2.14 on p. 99 
the text). Therefore, the gauche conformer is (0.25/2) = 0.13 kcal/mol more stable than the anti 
conformer that has no gauche interactions. 


_ [equatorial conformer] _ 5.4 
y, = oe . 34 


[axial conformer] 


[equatorial conformer] 


% of equatorial conformer = x 100 


{equatorial conformer] + [axial conformer] 


= — 54х10 = 54 x100 = 84% 
54 +1 6.4 


Because bromine has a larger diameter than chlorine, one would expect bromine to have a larger 


AG. However, the C—Br bond is longer than the С--СІ bond, which causes bromine to be 
farther away than chlorine from the other axial substituents. Apparently, the longer bond more 
than offsets the larger diameter. 


Both trans-1,4-dimethylcyclohexane and cis-1-tert-butyl-3-methylcyclohexane have a conformer 
with two substituents in the equatorial position and a conformer with two substituents in the axial 
position. cis-1-tert-Butyl-3-methylcyclohexane will have a higher percentage of the diequatorial- 
substituted conformer because the bulky tert-butyl substituent will have a greater preference for 
the equatorial position. 


а. cis b.cis  c.cis d.trans  e.trans f. trans 
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37. 


38. 


39. 


40. 
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a. CH;CH; b. о ue 
CH, 


CH; 


с. trans-1-Ethyl-2-methylcyclohexane is more stable because both substituents 
are in equatorial positions. 


a. one equatorial and one axial d. one equatorial and one axial 
b. both equatorial and both axial е. one equatorial and one axial 
с. both equatorial and both axial f. both equatorial and both axial 


a. One chair conformer of trans-1,4-dimethylcyclohexane has both substituents in equatorial 
positions, so it does not have any 1,3-diaxial interactions. The other chair conformer has both 
substituents in axial positions. When a substituent is in an axial position, it experiences two 
1,3-diaxial interactions, so this chair has a total of four 1,3-diaxial interactions. Since the 1,3- 
diaxial interaction between a methyl group and a hydrogen causes a strain energy of 0.9 
kcal/mol, the chair conformer with both substituents in axial positions is 4 x 0.9 = 3.6 kcal/mol 
less stable than the chair conformer with both substituents in equatorial positions. 


a 1,3-diaxial 
interaction 


b. Each of the chair conformers of cis-1,4-dimethylcyclohexane has one substituent in an 
equatorial position and one in an axial position. Therefore, the two conformers have the 
same energy. The difference in energy between them is 0 kcal/mol. 


Both Kekulé and skeletal structures are shown. 


CH, 
| 
а. CHSCH;CHOCCH; b. CH:ÇHCH CHCH CHOH 
CH; CH; CH; 


did X pe 
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сң, 
с. CH3CH;CHNH d. CH;CCHoBr 
CH; CH; 
dn dd Som 
NH, 
сн; 
сн, CHCH; 
e. f. CH,CH;CH;CHCHCH;CH;CH;CH; 
СН; CHCH; 
CH, 
CHCH; 
в CHCHN h. C 
CH,CH, 
Хм См 
nr 
i. CH,CH,CH,;CHCH,CH,CH, ј. CH,CHCH;CH;CCH;CH;CH, 
CH3CCH; СН; Br 
CH, 
Br Br 
CH; CH; 
к. CX |. CHjCHCHCH,CH,CH, 
OH OCH;CH, 


O. 
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41. 


42. 


43. 


44. 
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CH; 
| 
m. CH;CEI;CH;CH;CHCH;CH;CH;CH; n. CH;CH;CHCHCH;CH;CH;CH; 
CHCH; CH; 
| CHCH; 
CH, 
a. 5-bromo-2-methyloctane g. 3-ethoxyheptane 
b. 2,2,6-trimethylheptane h. 1-bromo-4-methylcyclohexane 
c. 2,3,5-trimethylhexane i. №, N-dimethylcyclohexanamine 
d. 3,3-diethylpentane j. 3-ethylcyclohexanol 


e. 5-bromo-N-ethyl-1-pentanamine k. 1,3-dimethoxypropane 


f. 5-methyl-3-hexanol 


The first conformer is the most stable because the three substituents are more spread out, so its 
gauche interactions will not be as large—the Cl in the first conformer is between a CH, and an 
Н, whereas the СІ in the other two conformers is between two СН; groups. 


CH; CH; 
a. C b. CH,C—CCH; © CH.CHCH;CHCH; 
CH, СН; CH, CH; 


45. 


46. 


47. 


48. 


49. 


а. 1-ethoxypropane 
ethyl propyl ether 


b. 4-methyl-1-pentanol 
isohexyl alcohol 


с. 2-butanamine 
sec-butylamine 


d. 2-chlorobutane 
sec-butyl chloride 


e. 2-methylpentane 
isohexane 


a. 1-bromohexane 
b. pentyl chloride 
c. 1-butanol 

d. 1-hexanol 

e. hexane 

f. 1-pentanol 

2. 1-bromopentane 
h. butyl alcohol 
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f. 2-bromo-2-methylbutane 
tert-pentyl bromide 


2. cyclohexanol 
cyclohexyl alcohol 


h. bromocyclopentane 
cyclopentyl bromide 

і. 2-ргорапатіпе 
isopropylamine 


j. N-ethyl-2-butanamine 
sec-butylethylamine 


i. octane 

j ізорепіуі alcohol 

(The alcohol has the higher boiling point because it 
forms stronger hydrogen bonds. If you were asked 
to compare their solubilities in water, the amine is 
more soluble because it forms more hydrogen 
bonds) 

k. hexylamine (it can form more hydrogen bonds) 


Ansaid is more soluble in water. It has a fluoro substituent that can hydrogen bond to water. 
Motrin has a nonpolar isobutyl substituent in place of Ansaid's fluoro substituent. 


а. correct 

b. 4-ethyl-2,2-dimethylheptane 
c. 3-methylcyclohexanol 

d. 2,2-dimethylcyclohexanol 
e. 5-(2-methylpropyl)nonane 
f. 1-bromo-3-methylbutane 


2. correct 

h. 2,5-dimethylheptane 

i. 5-bromo-2-pentanol 

j. 3-ethyl-2-methyloctane 

k. 2,3,3-trimethyloctane 

1. 5-methyl-N,N-dimethyl-3-hexanamine 


B has the highest energy. They are all diaxial-substituted cyclohexanes, so each one has four 1,3- 
diaxial interactions. Only B has a 1,3-diaxial interaction between CH, and Cl, which will be 


greater than a 1,3-diaxial interaction between CH; and H or a1,3-diaxial interaction between С] 
and H. 
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50. The only one is 2,2,3-trimethylbutane. 


pem 
CH,C—CHCH; 
CH; 
5]. 
a. c. AAA ё ES жЕ 
b. d. жара f. 121. 
52. 
СН: CH; 
a. СНСН; Ж осн,сн, CHCH; 
Н Н 
Н 
Н Н Н Н 
Н 
CH,CH, 
most stable least stable 


c. Rotation can occur about all the C—C bonds. There are six carbon-carbon bonds in the 
compound, so there are five other carbon-carbon bonds, in addition to the Сз-Сд bond, about 
which rotation can occur. 
CHy—CH—CH;—CH;—CH;—CH, 
СН. 


d. Three of the carbon-carbon bonds have staggered conformers that are equally stable because 
each is bonded to a carbon with three identical substituents. 


| | CH, ee —CH,—CH, 
НЕ CH; 
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53. Сапар are cis isomers. (In C both substituents are downward pointing; in D both substituents 
are upward pointing.) 


54. 
CH4CH;CH;CH;CHjBr a. 1-bromopentane primary alkyl halide 
b. pentyl bromide 
CH;CH;CH;CHCH; a. 2-bromopentane secondary alkyl halide 
Br b. none 
CH5CH;CHCH;CH; a. 3-bromopentane secondary alkyl halide 
Br b. none 
cH 
CH,CHCH,CHBr a. 1-bromo-3-methylbutane primary alkyl halide 
b. isopentyl bromide 
cH 
СН;СН;СНСН,Вг а. l-bromo-2-methylbutane primary alkyl halide 
b. none 
ru 
CH;CH,CCH, a. 2-bromo-2-methylbutane tertiary alkyl halide 
CH, b. tert-pentyl bromide 
Br 
CH;CHCHCH, a. 2-bromo-3-methylbutane secondary alkyl halide 
Сн, Ь. попе 
сн, 
CH4CCH,Br a. l-bromo-2,2-dimethylpropane primary alkyl halide 
Сн, b. neopentyl bromide 
€. Four isomers do not have common names. 
d. Four isomers are primary alkyl halides. 
е. Three isomers are secondary alkyl halides. 
f. One isomer is a tertiary alkyl halide. 
55. а. butane e. 6-chloro-4-ethyl-3-methyloctane 
b. 1-ргорапо! f. 1-methoxy-5-methyl-3-propylhexane 
€. 4-propyl-1-nonanol g. 6-isobutyl-2,3-dimethyldecane 
d. 5-isopropyl-2-methyloctane or h. 8-methyl-4-decanamine 


2-methyl-5-(1-methylethyl)octane 
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6. 
нұс 


5 


more stable СҢ; СН;СН; 
b CH(CH3) | 
` Жақ кі 
CH(CH3)3 
more stable CH,CH; 
CH | 
CH; 
| more stable CH;CH; 
CH 
i : CH,CH, 
Н.С 
more stable CH4CH; 
(CH4),CH 
| 52 more stable (CH3),CH CH;CH; 
| 
5 СН-СН; 
7 (CH3),CH 
| | (CH3),CH more stable СН2СНз 


57. Alcohols with low molecular weights are more water soluble than alcohols with high molecular 
weights because, as a result of having fewer carbons, they have a smaller nonpolar component 
that has to be dragged into water. 
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58. 
4000 
3 
И "а 
more stable less stable СН; 

b. We know that there is more room for a substituent in the equatorial position. Because we have 
been told that the more stable conformer has the methyl group in the equatorial position, we 
can conclude that the methyl group takes up more room than the lone pair. 

59, Six ethers have molecular formula = С5Н 120. 
CH4OCH;CH;CH;CH; CH;CHCH;CH, CH;CH,OCH,CH,CH; 
OCH 
LOMA ^is ӨТМ 
РА 
1-methoxybutane bd 1-ethoxypropane 
butyl methyl ether ethyl propyl ether 
2-methoxybutane 
sec-butyl methyl ether 
CH4CHCH СНз 
3 1 3 CH,COCH, СН;СНСН;ОСН; 
OCH;CH; | | 
СН; СН; 
Ak x pw 
9) о 2 о 
т opang 2-methoxy-2-methylpropane 1-methoxy-2-methylpropane 
ethyl isopropyl ether tert-butyl methyl ether isobutyl methyl ether 


60. Тһе most stable conformer has two CH; groups in equatorial positions and one in an axial 
position. (The other conformer would have two CH, groups in axial positions and one in an 


equatorial position.) 
CH, 


НС 


Н.С 
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61. а. 6-methyl-N-methyl-3-heptanamine d. 5-(1,1-dimethylpropyl)nonane 
or 5-neopentylnonane 


b. 3-ethyl-2,5-dimethylheptane e. 5-(2-ethylbutyl)-3,3-dimethyldecane 


c. 1,4-dichloro-5-methylheptane 


62. Опе chair conformer of trans-1,2-dimethylcyclohexane has both substituents in equatorial 
positions, so it does not have any 1,3-diaxial interactions. However, Figure 2.12 on p. 98 of the 
textbook shows that the two methyl substituents are gauche to one another (as they would be in 
gauche butane), giving it a strain energy of 0.9 kcal/mol. 


CH; a gauche 
| ae ДЫ! <— interaction 


The other chair conformer of trans-1,2-dimethylcyclohexane has both substituents in axial 
positions. When a substituent is in an axial position, it experiences two 1,3-diaxial interactions. 
This chair conformer, therefore, has a total of four 1,3-diaxial interactions. Each diaxial 
interaction is between a СН; and an H, so each results in a strain energy of 0.9 kcal/mol. 
Therefore this chair conformer has a strain energy of 3.6 kcal/mol. 


a 1,3-diaxial 
interaction 


63. 


HO 


64. а. 1-Hexanol has a higher boiling point than 3-hexanol because the alkyl group in 1-hexanaol 
can better engage in van der Waals interactions. The OH group of 3-hexanol makes it more 
difficult for is 6 carbons to lie close to the 6 carbons of another molecule of 3-hexanol. 


b. The floppy ethyl groups in diethyl ether interfere with the ability of the oxygen atom to 
engage in hydrogen bonding with water. 
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One of the chair conformers of cis-1,3-dimethylcyclohexane has both substituents in equatorial 
positions, so there are no unfavorable 1,3-diaxial interactions. The other chair conformer has 


three 1,3-diaxial interactions, two between a CH; and an H and one between two CH, groups. 
We know that a 1,3-diaxial interaction between a CH, and an H is 0.9 kcal/mol. Subtracting 1.8 
from 5.4 results in a value of 3.6 kcal/mol for the 1,3-diaxial interaction between the two CH; 
groups. 


65. 


66. Тһе conformer on the left has a gauche interaction between the two СН; groups (0.9 kcal/mol) 
and two 1,3-diaxial interactions between a СН; and an H (2 x 0.9 kcal/mole) for a total strain 


energy of 2.7 kcal/mol. 
gauche 
сі, 7 interaction 


CH; CH, 
saur gauche 
СН: ----2СН; interaction 


The conformer on the right has a gauche interaction between the two СН. groups (0.9 kcal/mol) 
and three 1,3-diaxial interactions, two between а CH; and an H (1.8 kcal/mole) and one between 
two CH, groups (3.6 kcal/mole; see Problem 65) for a total strain energy of 6.3 kcal/mol. 


The conformer on the left will predominate at equilibrium. 
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Chapter 2 Practice Test 


Name the following compound: 


rere 


Draw the following conformers of hexane considering rotation about the Сз —Сд bond: 
a. the most stable of all the conformers 
b. the least stable of all the conformers 


с. a gauche conformer 


Give two names for each of the following compounds: 


а. CH,CH;CHCH; b. CH;CHCH,CH,CH,OH с. Be 
СІ CH; Br 


Label the three compounds in each set in order of decreasing boiling point. 
(Label the highest boiling compound #1, the next #2, and the lowest boiling #3.) 


a. CH,CH,CH,CH,CH,Br CH4CH;CHjBr CH3CH,CH,CH,Br 

b. CH,CH,CH,CH,CH; CH,CH,CH,CH,OH  снұсн,сн;сн;сі 
CH, CH; 

€ CH,C—CCH, CH3CH,CH,CH;CH,CH,CH,CH; CH;CHCH;CH;CH;CH;CH; 
CH, CH; CH, 


Give the systematic name for each of the following compounds: 


a. CH CHCHCHCHCH CH) с. 425 
СН; OH Br сн; 


СІ 
| 
b. CH3CH,CHOCH,CH, d. CH,CHCHCH;CH;CH;CI 
CH,CH,CH,CH; CH,CH, 
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6. Draw the other chair conformer. 
H 
Br H 
CH; 
7. Draw the most stable conformer of trans-1-isopropyl-3-methylcyclohexane. 


8. Which of the following has: 
a. the higher boiling point: diethyl ether or butyl alcohol? 
b. the greater solubility in water: 1-butanol or 1-pentanol? 
c. the higher boiling point: hexane or isohexane? 
d. the higher boiling point: pentylamine or ethylmethylamine? 


e. the greater solubility in water: ethyl alcohol or ethyl chloride? 


9. Give two names for each of the following compounds: 
a. ЄН НЄН ЕН Вг b. E с. НН 
CH; СН; СН; 


10. Which is more stable: 
а. А staggered conformer or an eclipsed conformer? 


b. The chair conformer of methylcyclohexane with the methyl group in the axial position or the 
chair conformer of methylcyclohexane with the methyl group in the equatorial position? 


c. Cyclohexane or cyclobutane? 


ll. Give the structure of the following: 
а. a secondary alkyl bromide that has three carbons 
b. a secondary amine that has three carbons 
c. an alkane with no secondary hydrogens 


d. a constitutional isomer of butane 


€. three compounds with molecular formula C3HgO 


СНАРТЕК 3 
Alkenes: Structure, Nomenclature, and an Introduction to Reactivity 
Thermodynamics and Kinetics 


Important Terms 


acyclic noncyclic. 
addition reaction a reaction in which atoms or groups are added to the reactant. 
alkene a hydrocarbon that contains a double bond. 
allyl group 
CH;-—CHCH, — 
allylic carbon an sp? carbon adjacent to a vinyl carbon. 
Arrhenius equation relates the rate constant of a reaction to the energy of activation and to the 


temperature at which the reaction is carried out (k = Ae EART), 


cis isomer the isomer with the hydrogens on the same side of the double bond. 

degree of unsaturation the number of л bonds and/or rings in a hydrocarbon. 

E isomer the isomer with the high-priority groups on opposite sides of the double 
bond. 

electrophile an electron deficient atom or molecule. 

electrophilic addition an addition reaction in which the first species that adds to the reactant 15 an 

reaction electrophile. 

endergonic reaction a reaction with a positive ДО“. 

endothermic reaction a reaction with a positive AH?. 

enthalpy the heat given off (- AH?) or the heat absorbed (+ AH?) during the course 
of a reaction. 

entropy a measure of the freedom of motion in a system. 

exergonic reaction a reaction with a negative AG?. 

exothermic reaction a reaction with a negative AH?. 

experimental energy of a measure of the approximate energy barrier to a reaction. 

activation (It is approximate because it does not contain an entropy component.) 

(Ед = АН! – RT) 


first-order rate constant the rate constant of a first-order reaction. 


first-order reaction a reaction whose rate is dependent on the concentration of one reactant. 
(unimolecular reaction) 


free energy of activation 
(467) 


functional group 


eometric isomers 
(cis-trans stereoisomers) 


Gibbs standard 
energy change 


intermediate 


kinetics 


kinetic stability 


mechanism of the reaction 


nucleophile 

rate constant 
rate-determining step 
or 

rate-limiting step 


reaction coordinate 
diagram 


saturated hydrocarbon 


second-order rate constant 


second-order reaction 
(bimolecular reaction) 


Solvation 


thermodynamics 
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the true energy barrier to a reaction. 


the center of reactivity of a molecule. 
cis-trans (or E, Z) isomers. 
the difference between the free energy content of the products and the free 


energy content of the reactants at equilibrium under standard conditions 
(1M, 25 °C, 1 atm). 


a species formed during a reaction that is not the final product of the 
reaction. 


the field of chemistry that deals with the rates of chemical reactions. 


is indicated by AGT. If AGT is large, the compound is kinetically stable 


(not very reactive). If AGT is small, the compound is kinetically unstable 
(is very reactive). 


a description of the step-by-step process by which reactants are changed 
into products. 


an electron-rich atom or molecule. 


a measure of how easy it is to reach the transition state of a reaction (to get 
over the energy barrier of the reaction). 


the step in a reaction that has the transition state with the highest energy. 


describes the energy changes that take place during the course of a 
reaction. 


a hydrocarbon that is completely saturated with hydrogen (contains no 
double or triple bonds). 


the rate constant of a second-order reaction. 


a reaction whose rate is dependent on the concentration of two reactants, 
or on the square of the concentration of a single reactant. 


the interaction between a solvent and another molecule (or ion). 


the field of chemistry that describes the properties of a system at 
equilibrium. 


ee ee eee V 
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thermodynamic stability 


trans isomer 


transition state 


unsaturated hydrocarbon 


vinyl group 


vinylic carbon 


Z isomer 


is indicated by AG?. If AG? is negative, the products are more stable than 
the reactants. If AG? is positive, the reactants are more stable than the 
products. 

the isomer with the hydrogens on opposite sides of the double bond. 

the highest point on a hill in a reaction coordinate diagram. In the transition 
state, bonds in the reactant that will break are partially broken and bonds in 
the product that will form are partially formed. 


a hydrocarbon that contains one or more double or triple bonds. 


CH,= CH— 


a carbon that is doubly bonded to another carbon. 


the isomer with the high-priority groups on the same side of the double 
bond. 
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Solutions to Problems 


1. а. СН b. C4H6 с. С1оН16 4 СзНю 
2 а. 3 b. 4 с. 1 d. 3 e. 13 
3. 
а. CH,CH=CH, b. СН.СЕСН с. НС-ССН;СН; Г] А 
VAN CH,=C=CH, СН.СЕССН. 
ZEN. CH,=CHCH=CH, 


CH) =C=CHCH; A A 


4. 
a. € CH,CH,OCH=CH, 
CH; 
СН. 
си, 
b. CH;C-CCH;CH;CHBr d. CH,—CHCH,OH 
CH4 
5. a. 4-methyl-2-pentene d. 1-bromo-4-methyl-3-hexene 
b. 2-chloro-3,4-dimethyl-3-hexene e. 1,5-dimethylcyclohexene 
с. 1-bromocyclopentene f. 1-butoxy-1-propene 
6 a. 5 b. 4 c. 4 d. 6 
7. а. 1 and 3 
b. 
А СН. Н.С Н 3. Н.С Н, Н.С Н 
uw We л. Au CON a ИР. 
GR C=C mas E 
cis trans cis trans 
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8. Only C has a dipole moment of zero because the bond dipoles cancel since they are in opposit 
directions. 
Бы. n 
ана 
СІ 


> снн, „снб снов, H 
C=C 


pore | р 
Cl H Cl CH;CH; 
E Z 
, Е 
. СЊСЊСЊЕСН CH;CI 
M NE S pare CH,CH,CH;CH, CHCH, 
C=C а” 
СНСН E 
c pens CH,CH, CHC! 
CH, 
7 Е 
4. HOCH,CH C(CH СЕСН 
HWCH „СВ носнсн,- E 
C=C C=C 
/ N / \ 
O=CH C=CH O=CH  C(CH;)3 
7 Е 
10. 
г 
Н.С CHCH, 
~ / 


с=е 
ZON 
H CH,CH,CH,CH, 


11. 


12. 


13. 
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nucleophiles: H CHO СН.СЕСН NH; 


+ 
electrophiles: АІСІ; СН.СНСН, 


KON 


| P, ...-. Ш чик 
a. CH,C-O-H + HO:  —— CH;C-O + НО 


| Вг 
b. d 
+ Br ————жь 
+ 


0:— ^N ^ +OH 


|| | 
с CH,C-O-H + H-0-H —— CH,C-O-H + НО 


H 
CH, CH, 

4. сн-сқа — Ch- + С 
сн; CH, 


a. Because the equilibrium constants for all the monosubstituted cyclohexanes in Table 2.10 
on page 99 of the text are positive, they all have negative AG? values. 
(recall that AG? = – RT In Кеа) 

b. the tert-butyl substituent 


€. the tert-butyl substituent 


4. AG^- - RT x In Keq 
AG? = – 1.986 x 10-3 x 298 x In 18 
AG? = – 0.59 x In 18 
AG? = – 0.59 x 2.89 
AG? = -1.7 kcal/mol (or — 7.1 kJ/mol) 
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14. a. Solved in the text. 


b. AG? = —RT In Keq 
—2.1 = – 1.986 x 10-3 x 298 x ПК, 
In Keq = 3.56 | 
Е [isopropylcyclohexane] equatorial _ 35 
*4 "  Пзоргорусусювехапе]лх:| E 1 
[isopropylcyclohexane equatorial _ 35 
ы; 35 
36 
= 097 = 97% 


c. Isopropylcyclohexane has a greater percentage of the conformer with the substituent in the 
equatorial position because the isopropyl substituent is a larger substituent than the fluoro 


substituent. The larger the substituent, the less stable is the conformer in which the substituent 
is in the axial position because of the 1,3-diaxial interactions. 


15. А5? is more significant in reactions in which the number of reactant molecules and the number of 
product molecules are not the same. 
a. 1A + B === с 
2. А + В === C 
b. None of the four reactions has a positive AS?. 
In order to have a positive AS?, the products must have greater freedom of motion than the 
reactants. 
16. а. (1) АС? = AH? - TAS? AG°=-RT In Keg 


(recall that T = °C + 273) AG? = - (1.986 x 10-3) (303) In Кеа 
AG? = -12 – (273 + 30)(.01) -15 =- 0.60 In Кеа 
АС? =-12 -3 = —15 kcal/mol In Keg = 25 
Keg = 7.2 x 1010 
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а. (2) AG° = AH? – TAS? AG? = - (1.986 x 10-3) (423) In Keg 
AG? = -12 - (273 + 150)(.01) -16 = – 0.84 In Keg 
АС?--12-4 = -16 kcal/mol In Keg = 19 


Keg = 1.8 x 108 


b. For this reaction: the calculations show that increasing the temperature causes AG? to be more 
negative. 


c. For this reaction: the calculations show that increasing the temperature causes Кед, to be 
smaller. (Remember that In Keg = АСКЕТ). 


17. a. 
bonds broken bonds formed. 
л bond of ethene 63 C—H 101 
H—CI 103 с-<І _85 
166 186 АН? = 166 - 186 = -20kcal/mol 
b. 
bonds broken bonds formed 
п bond of ethe C—H 101 
HH 104 б-н 10 
167 202 АН? = 167 — 202 = —35 kcal/mol 


c. Both are exothermic. 


d. Both reactions have sufficiently negative AH? values to expect that they would be exergonic 
as well. 


18. а. a and b because the product is more stable than the reactant 

b. b because it has the smallest rate constant (highest hill) leading from the product to the 
transition state 

с. Cbecause it has the largest rate constant (smallest hill) leading from the product to the 
transition state 
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19.  Athermodynamically unstable product is one that is less stable than the reactant. 


A kinetically unstable product is one that has a large rate constant (reforms reactant rapidly), 
whereas a kinetically stable product is one that has a small rate constant (reforms reactant 


slowly). 
a. b. 
Free 
energy 
Progress of the reaction 
— ве 


Progress of the reaction 
—— y 


20. a. Solved in the text. 


b. Decreasing the concentration of methyl chloride will decrease the rate of the reaction to 
1 x 10-8 Ms-l. 
c. Changing the concentration will not affect the rate constant (k) of the reaction, because 


rate constants do not depend on the concentration or the reactants. 


21. The rate constant for a reaction can be increased by decreasing the stability of the reactant or b) 
increasing the stability of the transition state. 


22. Taking the logarithm of both sides of the Arrhenius equation gives the following equation, whic 
we can use to answer the questions: 
a NES 
пК = In RT 


a. Increasing the experimental activation energy will decrease the rate constant of a reaction 
(will cause the reaction to be slower). 


b. Increasing the temperature will increase the rate constant of a reaction (will cause the reactio: 
to go faster). 
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23. а. The first reaction has the greater equilibrium constant. 


= 1х 10-3 = 1х 102 Keg = 1x102 = 1х10 
1х 10-5 1х 10-3 


b. Because both reactions start with the same concentration, the first reaction will form the most 
product because it has the greater equilibrium constant. 


24. 
= reactant(s) 
= first transition state 
Free = intermediate 
energy = second transition state 
= product(s) 
Progress of the reaction 
—_—_—_—_—_—_— ж 
25. 


a. The first step (in the forward direction) has the greatest free energy of activation. 


b. The first-formed intermediate is more apt to revert to reactants. 


с. The second step is the rate-determining step because it has the transition state with the highest 
energy. 


Notice that the second step is rate-determining even though the first step has the greatest energy 
of activation (steepest hill to climb). That is because it is easier for the intermediate that is 


formed in the first step to go back to starting material than to undergo the second step of the 
reaction. So, the second step is the rate-limiting step. 


ub 
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26. 
B 
A 
C 
a. one 
b. two 
| с. the second step (k2 ) (In this particular diagram, > > kı: if you had made the transition stat 
| for the second step а lot higher, you could have had a diagram in which Ку > k2.) 
| 
| d. the second step (k-1) | f. BtoC 
e. the second step in the reverse direction (k-1) g. CtoB 
|| 
27. а. 3,8-dibromo-4-nonene c. 1,5-dimethylcyclopentene 
b. (Z)-4-ethyl-3,7-dimethyl-3-octene d. 3-ethy]-2-methyl-2-heptene 
28. 
CH; ra 
a. CH, =CHCH,CH,CH,CH, b. CH,=CHCHCH,CH, с. ные 
СН; 
29. 
СН; 
ү 
а Н СН;СН,Бі с. ВІСН. CHCH; CH; 
C= C=C 
/ \ / 
BrCH, Br Br CH,CH,CH, 


b. Н.С CH,CH;CH;CH, d. СН,=СНВг f. CH,=CHCH,NHCH,CH=CE 


30. 


31. 


CH,=CHCH,CH,CH,CH, 


1-hexene 


CH, —CCH;CH;CH; 
CH; 
2-methyl-1-pentene 


CH;C-CHCH;CH; 
CH; 
2-methyl-2-pentene 


Cs 
CH; =CCHCH; 
CH; 
2,3-dimethyl-1-butene 


CH4CH —CHCH;CH;CH; 
2-hexene 


CH, —CHCHCH;CH; 
СН. 
3-methyl-1-pentene 


CH;CH-CCH;CH; 
СН; 
3-methyl-2-pentene 


CH; 
CH,CCH-CH, 


CH, 
3,3-dimethyl-1-butene 


" 
CH3C-CCH; 
CH; 
2,3-dimethyl-2-butene 
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CH;CH,CH=CHCH,CH, 
3-hexene 


CH, —CHCH;CHCH; 
CH; 
4-methyl-1-pentene 


CH;CH=CHCHCH; 
СН, 
4-methyl-2-pentene 


CH;CH;C = CH, 
CHCH, 
2-ethyl-1-butene 


Of the compounds shown above, the following have Е and Z isomers: 


2-hexene, 3-hexene, 3-methyl-2-pentene, 4-methyl-2-pentene 


(E)-3-methyl-3-hexene 
- trans-8-methyl-4-nonene or (E)-8-methyl-4-nonene 
trans-9-bromo-2-nonene or (E)-9-bromo-2-nonene 
. 2,4-dimethyl-1-pentene 
2-ethyl-1-pentene 
cis-2-pentene or (Z)-2-pentene 


гэт до р 
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33. | AG? = - RTIn Ка 
In Кеа = — АСУКТ 
In Кеа = – А67/0.59 kcal/mol 


а. In Кеа = – 2.72/0.59 kcal/mol с. In Кеа = 2.72/0.59 kcal/mol 
In Кеа = – 4.6 In Кеа = 4.6 
Кеа = [ВИА] = 0.01 Кеа = [ВИА] = 100 
b. In Кеа = - 0.65/0.59 kcal/mol d. In Keg = 0.65/0.59 kcal/mol 
In Кеа = - 1.10 In Keg = 1.10 
Кеа = [ВИА] = 0.33 Кеа = [ВИА] = 3.0 


34. If the number of carbons is 40, C4H2442 = Саон. Therefore, a compound with molecular 
formula СдоН56 is missing 26 hydrogens. This means that it has a total of 13 rings and 7 bonds, 
since each ring and л bond causes the compound to have two fewer hydrogens. Knowing that it 
has two rings and no triple bonds, one can conclude that it has 11 double bonds. 


35. а. 7 b. Е с. Е d. 7 


36. Ifthe number of carbons is 30, CpH2n+2 = СзоНсо. А compound with molecular formula 
СзоН50 is missing 12 hydrogens. Because it has no rings, squalene has 6 л bonds (12/2 = 6). 


37. 
а.-І > -Br > -OH > -CH3 
b. -ОН > -СН2 > -СН-СН2 > -CH2CH20H 
с. -CH= CH; > -CH(CH3) > -СН2СН2СНз > -CH3 
d. -OH > -NH; > -СНҘОН > -CH2NH5 
e. -СІ > -СОСНз > -CN > -CH-CH2 

38. а. 2-pentene f. 2-chloro-3-hexene 
b. correct g. correct 
c. 3-methyl-1-hexene h. 2-methyl-1-hexene 
d. 3-heptene i. 1-methylcyclopentene or methylcyclopentene 
e. 4-ethylcyclohexene j. 3-methyl-2-pentene 

| 39. a. 2 с. CtoD e. B g. exergonic 
| b. 3 d. D f. endergonic 
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40. AG? = AH?- TAS? 


a. — AG? = 20—(298)(25 x 10-3) = 20-7.5 
AG? = 12.5 kcal/mol 


AG? = -RT In Keq 
12.5 = -1.986 x 10-3 x 298 In Keq 
12.5 = - 0.59 In Keg 

-212 = In Keq 


63x 10-10 = Keg 


b. AG? = 20- (398)25 x 1073) = 20-10 
AG? - 10.0 kcal/mol 


= -1.986 x 10-3 x 398 In Keg 
10.0 = —0.79 In Keq 
= In Keq 


3.1x 105 = Keg 


41. 
а. Аб = - RTIn Ка 
AG? = - RT In 10 
AG? = -1.986 x 10-3 x 298 x 23 
AG? = —1.36 kcal/mol 


b. AG? = A? -0 
-1.36 = АН?-0 
AH? = -1.36 kcal/mol 


c. AG? = 0 - TAS? 
-1.36 = 0 — 298AS? 
AS? = 1.36/298 = 4.56 x 10-3 kcal/(mol deg) = 4.56 cal/(mol deg) 


42. AG? = – RT ln Keq 
In Кеа = – АСУЮТ 
In Keq = — АС70.59 kcal/mol 
In Keq = – 3.8/0.59 kcal/mol 
In Кеа = - 6.4 
Кеа = [ВИА] = 0.0017 
[ВИА] = 0.0017/1 = 1.7/1000 


The previous calculation shows that for every 1000 molecules in the chair conformation. there 
are 1.7 molecules in a twist-boat conformation. 

This agrees with the statement in Section 2.12 that for every thousand molecules of cyclohexane 
In а chair conformation, there are no more than two molecules in a twist-boat conformation. 
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43. 


Chapter 3 


A step-by-step description of how to solve this problem is given in the box entitled "Calculating 
Kinetic Parameters". 


Еа сап be determined from the Arrhenius equation (In k = - Ea/ RT), because а plot of 
In k versus ИТ gives a slope = - Eg/R 

In 2.11 x 10-5 2 — 10.77 T = 304 ШТ = 3.29 x 10-3 

In 4.44 x 10-5 =- 10.02 Т = 313 ИТ = 3.19 x 10-3 

In 1.16 x 104 = — 9.06 T = 324.5 ИТ = 3.08 x 10-3 

In 2.10 x 10-4 = – 8.47 Т = 332.8 ИТ = 3.00 x 10-3 

In 4.34 x 104 = – 7.74 Т= 3422  1/T=2.92x 10-3 


slope =- 8290 
Еа = – (slope) К 
Ea = — (-8290) x 1.98 x 103 kcal/mol 
Ea = 16.4 kcal/mol 


To find AG*: 
- AG? = RT ln kh/Tkp 
From the graph used to determine Ea, one can find the rate constant (k) at 30°. 


(It is 1.84 x 10-5 5-1.) 


— AG? = 1.98 x 10-3 x 303 In (1.84 x 10-5 x 6.625 x 10-27)/(303 x 1.3805 x 10-10) 
—AG? = 1.98x 10-3 х 303 In (1.22 x 10-31)/(4.18 x 10-8) 
— AG? = 1.98 х 10-3 x 303 In 2.92 x 10-24 
— AG? = 198x 10-3 x 303 x (- 542) 
AG? = 32.5 kcal/mol 


To find АН“; 
AH? Ед – RT 
AH? = 16.4 – 1.98x 10-3 x 303 
AH? = 16.4 - 0.6 
AH? - 15.8 kcal/mol 


To find AS?: 
AS? = (AH? — AG?yT 
AS? = (15.8 — 32.5y303 
AS? = (—16.7)/303 
AS? = 0.055 kcal/(mol deg) = 55 cal/(mol deg) 
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Chapter 3 Practice Test 


1. Name the following compounds: 


a. СТЕНУ Ново с. CH,CH;CH-CHCH;CH;CHCH; 
СН. СН;СН; 
СІ 
b. d. EH 
os 
2. Label the following substituents in order of decreasing priority in the Е, Z system of 


nomenclature. Label the highest priority #1. 


|| 
---ССН; —CH-CH; ==C] —C=N 


3. ‘Correct the incorrect names. 
a. 3-pentene | с. 2-ethyl-2-butene 
b. 2-vinylpentane d. 2-methylcyclohexene 
4. Indicate whether each of the following statements is true or false: 
a. Increasing the energy of activation, increases the rate of the reaction. T F 


b. Decreasing the entropy of the products compared to the entropy of the 
reactants makes the equilibrium constant more favorable. T E 


с. An exergonic reaction is one with a – ДО". 


d. An alkene is an electrophile. T 


"HW 


e. The higher the energy of activation, the more slowly the reaction will 
take place. 


f. Another name for trans-2-butene is Z-2-butene. 


g. trans-2-Butene has a dipole moment of zero. 


ная d 
"1 mM по т 


h. A reaction with a negative AG? has an equilibrium constant greater than one. 
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Do the following compounds have the E or the Z configuration? 


CH; сі о 
| 
a. CH;CHCH, = ,CH;CH;CH5Br b. о ‚Ссн, 
=С „С=С, 
CH,CH ‘CH,OH CH,CH CH,OH 
CH, CH, 


Draw structures for the following: 


а. allyl alcohol c. cis-3-heptene 


b. 3-methylcyclohexene d. vinyl bromide 


How many л bonds and/or rings does a hydrocarbon have if it has a molecular formula of СаНа 


Using curved arrows show the movement of electrons in the following reaction: 
CH4CH-CH, + H—Q: ---» СН;СН--СН; + :б: — SO NL 
+ 

He 


Which of the following have cis-trans isomers? 


a. l-pentene c. 2-bromo-3-hexene 


b. 4-methyl-2-hexene d. 2-methyl-2-hexene 


Which of the following has a more favorable equilibrium constant (i.e., favors products over 
reactants)? 


а. А reaction with a AH? of 4 kcal/mol or a reaction with a AH? of 7 kcal/mol? 


b. A reaction that takes place at 25 °C or the same reaction that takes place at 35 °С? 


€. A reaction in which two reactants form one product or a reaction in which one reactant forms 
two products? 
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An Exercise in Drawing Curved Arrows 
"Pushing Electrons" 


This is an extension of what you learned about drawing curved arrows in Section 3.6 on pages 123-124 
of the text. Working through these problems will take just a little of your time. It will, however, be time 
well spent, because curved arrows will be used throughout the course and it is important that you are 
comfortable with this notation. (You will not encounter some of the reaction steps shown in this exercise 
for weeks or even months, so don't worry about why the chemical changes take place.) 


Chemists use curved arrows to show how electrons move as covalent bonds break and/or new covalent 
bonds form. The tail of the arrow is positioned at the point where the electrons are in the reactant, and 
the head of the arrow points to where these same electrons end up in the product. 


In the following reaction step, the bond between bromine and a carbon of the cyclohexane ring 
breaks and both electrons in the bond end up with bromine in the product. Thus, the arrow 
starts at the electrons that carbon and bromine share in the reactant, and the head of the 
arrow points at bromine because this is where the two electrons end up in the product. 

The carbon of the cyclohexane ring is positively charged in the product because it has lost the 
two electrons it was sharing with bromine. The bromine is negatively charged in the product 
because it has gained the electrons that it shared with carbon in the reactant. The fact that two 
electrons move in this example is indicated by the two barbs on the arrowhead. 


Notice that the arrow always starts at a bond or at a lone pair. It does not start at a negative 
charge. i 


CH,CHCH, + :@: — CH,CHCH; 
E 
Tat 


In the following reaction step a bond is being formed between the oxygen of water and a carbon 
of the other reactant. The arrow starts at one of the lone pairs of the oxygen and points at the 
atom (the carbon) that will share the electrons in the product. The oxygen in the product is 
positively charged because the electrons that oxygen had to itself in the reactant are now being 
shared with carbon. The carbon that was positively charged in the reactant is not charged in the 
product, because it has gained a share in a pair of electrons. 


CH,CHCH, + њо: ->- CH;CHCH; 
+ 
“ОН 
Н 


102 


Special Topic II 


In the next examples, a bond breaks and a bond forms in the same step. As in the previous 
examples, the arrow starts at the point where the electrons are in the reactant, and the head of the 
arrow points to where these same electrons end up in the product (at the carbon atom in the first 
example, and between the carbons in the next example). Notice that the atom that loses a share 
in a pair of electrons (C in the first example, H in the second) ends up with a positive charge. 


CH, сн, 
+ 
CH aem — CH3C ТЕСЕ; 
CH, CH, 


+ 
CH,—CHCH, = CH,—CHCH, +  H' 
к” 


Н 


In the examples that follow, а nucleophile attacks an atom, causing а bond to break, with the 
result that the bonding electrons move to a positively charged atom. 


e*OH :ÓH 
| i 
сН;-С-СН + HQ! ---- CH,-C—CH; 
H 
CHCH он + НО: — CH,CH,—ÓH + H0: 
H 

2. Ër: 
e Br: s- | 

Ух + HO: —— H4C—CH, 
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Problem 1. Draw curved arrows to show the movement of the electrons in the following reaction steps. 
(You will find the answers immediately after this exercise.) 


CH, 


| СН: 
а. CH,CH,C—Br: —— CH;CH;C* + Bri 
СН: СН: 


> 


. CH,CH—MgBr = CHH, + 


* MgBr 
e  CH,CH;CHCH, + ‘Bri ---»- CH,CH;CHCH; 
Br: 


Frequently chemists do not show the lone-pair electrons when they write reactions. The following are 
the same reaction steps you just saw except that the lone pairs aré not shown. 


Problem 2. Draw curved arrows to show the movement of the electrons. 


CH; CH; 
а. CH,CH;C—Br — CH,CH;C* * Вг” 
CH; CH; 


H,O 


Y 
| 
* 


d. CH,CH—MgBr --- CH,CH, * 


"MgBr 
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The lone pairs of Вг” in example e have to be shown in the reactant because an arrow 
can start only at a bond or at a lone pair. Bromine's lone pairs do not have to be shown 
in the product. 


e  CH,CH;CHCH, + ‘Bri ——  CH,CH;CHCB, 
Br 
In the examples in Problems 1 and 2 that show a reaction step in which a bond breaks, 


both of the bonding electrons end up on one of the atoms that shared the electrons in the bond. 
Because two electrons move, an arrowhead with two barbs is used to show their movement. 


In the examples in Problems 1 and 2 that show a reaction step in which a bond is formed, 
the two electrons that form the bond come from the same atom. Because two electrons move, 
an arrowhead with two barbs is used to show their movement. ` 


Sometimes a bond breaks in such a way that each of the bonded atoms gets one of the bonding 
electrons. An arrowhead with one barb represents the movement of one electron. 


(У — (у. Ф 


Sometimes a bond is formed using one electron from one atom and one electron from the other 
atom that forms the bond. Because one electron comes from each atom, an arrowhead with one 
barb is used to show the movement of each electron. 


CH4CHCH, + с ——- CH;CHCH; 


E Br 


Problem 3. Draw curved arrows to show the movement of the electrons. 


a. CH,CH,—Ci: —— CHCH, + “б: 

b. (=: —— > 400% Bri 

с. CH,;0—OCH, —— сн. + .Осн, 
сн; єн, сн, CH; 

d. CH,C-N-N-CCH; — CH Мец CCH, 
CH; CH; CH; CH; 


Special Topic II 
The following are the same reaction steps you just saw except that the lone pairs are not shown. 


Problem 4. Draw curved arrows to show the movement of the electrons. 


a. CH,CH,—Cl — CH,CH, + а 

b. (> — Ө: + «Вг 

с. CH,O—OCH, — CHO. + -OCH, 
т тз CH; ve 

d. СН — CHSC N=N ев 
сн; сн; Сн; CH, 


In many reaction steps, two pairs of electrons move simultaneously. In each of the examples, 
follow the arrows to see how the electrons move. Notice how the movement of the electrons 
allows you to determine the structure of the products and the charges on the products. 


CH,CH-CH, + Н-8: ——>  CH,CHCH, +  :Br 


но J + CH;CH, 7 Br: —— CH4CH,—ÓOH + :Вг H 
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Problem 5. Draw curved arrows to show the movement of the electrons that result in the formation of 
the given product. 


‘OH “ӨН 
+ 
а. СН. m “оң — СН; —C --СН; + H,O 
CH; 


+ 
b. CH,CH,CH=CH, + H-C ——- CH;CH,CH-CH; + а“ 


ese + | 
с. CH,CH—Br + NH, —  CH,CH,—NH, + в 


Problem 6. Draw curved arrows to show the movement of the electrons. 


a. CH,CH=CHCH, + Н-б-Н —=  CH,CH-CH;CH, + MÖ: 


b. CH,CH,CH,CH,—Cl: + Сем =  CH,CH;CH;CH;—CEN + :С: 


дн "Ән 

с. сн;-<-%сн; —= СНу-С-ОН + СОН 
OH 
0: EE. S 


| 
d. СН,-С-Н +  CH,—MgBr ----  CH,—C—H + "Менг 
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Problem 7. Draw curved arrows to show the movement of the electrons. 


T 
| | 
а. CH,—C—CH, + CH4CH—MgBr ---»- CH,—C—CH; + *MgBr 


CH,CH, 


b. CH4CH;CH; —Br t CH4Ór — CH;CH,CH,—OCH, + Br 


CH,CH=CH, + “Ві: --->- CH,CH-CH;-Br 


о 


a 


|| 
‚ CH,—C—OCHCH, ---- — CH,-C-CH, + снусн,0 
СН; ` 


Problem 8. Draw curved arrows to show the movement of the electrons. 


Br 
derum | E 
a. HO: + CIGUH СВЕН) ——  CH;CH=CHCH; + H,O + Вг 
H 


b. сњењсес-н + ‘NH, ---- CH,CH,C=C + NH, 


CH, СН; 

c. CH;C—CHCH;CH; —> Сну CHCH;CH, 
CH; CH; 
Ку. СН, 

d. (H,—CCH, —>=- CH,=CCH, + H 
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Problem 9. Draw curved arrows to show the movement of the electrons. 


CH;CH,OH + н-9-н = CH;CH;OH + H,O: 
H 


+ + 
УНИ + H50 LL CH4NH, + НО: 


Н 


Curved arrows are used to show the movement of electrons in each step of a reaction. 
Problem 10. Draw curved arrows to show the movement of the electrons in each step of the following 
reaction sequences. 


a. CH,CH—CH, + H—Br: —> СН;СН--СН; + :Вг: 
+ 


CH,CH-CH, + В: --- CH;CH—CH, 
+ 


‘Br: 
СН; T 
b. снус-сі — e + СГ 
CH, CH; 
CH; (Hs 
CH,C+ + NH, == CH,C-NH, 
CH; CH; 
о: 07 0: 
с. CH,—C—C + Hy ——» оға ——» CH;—C—OH + cr 
“ОН 
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Problem 11. Draw curved arrows to show the movement of the electrons in each step of the following 


reactions. 
5 СН; СН; СН; 
СН 
> + но" —— СН; ___-=- CX 
8% — P x. 
H түн H + H,0: 
НН 
СН 
3 CH; CH; 
+ чус? CH; HÖ 
H 2 СН; 
Н 
Н 
4l 
CH4OH 
b. CH4CH;CH-—CH; —_ и CH4CH;CHCH; ----»- СН;СН;СНСН; 
t СН.ОН 9 
ыы eds 
H 
cun 


CH,OH, + CH,CH;CHCH; 
OCH, 


c. In the following example, the acid and base are not specified: НВ” represents any acid present іп the 


reaction mixture and B: can be any base. 
СН. 


CH, CH, СНз 
H—B' 
— е--»- 
Н.С сн; Н.С CH, Н.С СЫ; в: H CH, 
CH, 
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Problem 12. Use what the curved arrows tell you about electron movement to determine the product of 
each reaction step. 


АД 


CH,CH,O: + TT —— 


в 


------»- 


a 
е 
я 
о 
X 
RC 
| 
ji 
2 
C 


О 
| 
e СН;СН;-С-Н + CH4,7-MgBr ---»- 


A 
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Answers to Electron Pushin Problems 


Problem 1 
a. CH;CH;C Br: —— = CH4CH;C* + ВЕ 
CH; CH, 
p: 0:5: саня (5 + ROG 
c. (Ун == C» * H,O 
H 
d. әнін ы же” CH4CH, + *MgBr 
e  CH,CH,CHCH, + ‘Br? ——  CH,CH,CHCH; 
Вг: 
Problem 2 
CH CH 
ША! [^ 
a. CH4CH;C Br 
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Problem 3 


Problem 4 


a. 


E 
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7: — CH,CH, 
ӛ: —— С>. 
сн, сн, --->- CH,0- 
JUST сн 
CHG. RES) ccn, —— снг. 
| 
шы —^ CH,CH, 
о — D 
б ved —> СН;О Ж 
бв, TH ен; 
Сне Асы, —— CHC: 
EST CH; CH; 
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Problem 5 
(Qn *OH 
А. 
а. СН. A Њ — СН; --С —CH; + H,0 
CH, 


+ 


ee + 
с. ae, + МН. — CH,CH,—NH, + Br 


Problem 6 


ee + oe 
а. CH,CH=CHCH, + вн --->-  CH,CH—CH,CH, + H,0: 


b. | : + СЕМ —> CH4CH;CH;CH,;—CzEN + 4 CI: 


<0 ‘OH 
е СН ОСН, ---»- CH,—C—OH + CHÖH 
ОН 
eO: Ог 
i | 


d. СЊ—С—н +  CH,-MgBr ——» CH,—C—H + — 'MgBr 
MN d CH; 
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Problem 7 


O 


„э = 


:0: 


CH} 


Problem 8 


a. HO: + 


Sa 


паса, + МЕ 


с. СН.СН= 


| 
d. СН. pi ud 


CH; 


o- 


| | 
CH,—C—CH, + CH,CH,7MgBr —== СН)-6-СН) + * MgBr 


CH,CH,CH, “Br + сњбг —= | CH,CH;CH;-OCH, + Br 


22 ---»- сыны 


i | 
—> CH; —C —CH; + CH,CH,O 


Br 
CH-CHCH, --->- CH;CH=CHCH; + H,O + Br 


Л 


Н 


b. снұсн,сегс-ін + Ан, ---- CH,CH,C=C + NH; 


CH; CH; 
+ 
с. CHC ОНО и бистен 
C, CH, 
сн; сн, ‚ 
d CH, 7 CCH; —— „6 CH; —CCH; + Н 
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Problem 9 


И Н т 
L—— CH4CH;OH + H,0: 
+ 


CH;CH,OH + Hr — 


—= — CHNH, + н.д: 


Problem 10 


nee — CH,CH-CH, + ‘Br: 
+ . 


а. сњсн=сн, 


CH.CH-CH, + В: — CH,CH—CH; 


k г: 


CH, | CH; 
b CHCC —— сву + C 
CH; CH; 
CH CH 
[5^ v D 
сну + М, === сне, 
CH; CH, 
б: :б:7 О: 
us | i e n i 
з-С-СІ + НО — SH 1 ——- CH,—C—OH + СГ 


:QH 
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Problem 11 
a. CH; CH; CH; 
CH 
3 + н,0 === "i — CH; 
OH LA. -ÖH + HÖ; 


H 
WF 
СНОН 


b. CH3;CH,CH=CH, ---»- CH,CH;CHCH, --->- CH,CH;CHCH; 


Снан ‚бсн, 
HN, 


cun 
сн,он, + CH,CH;CHCH, 
OCH; 
с. 
CH, CH; CH; CH; 
i ДА. n 
жарык ыг —— = 
E Н.С 
Нс CH, HC CH, Н.С CH; By 7 CH; 


Н.С 
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Problem 12 
a CH;CH,Q: + EU : ———- CH;CH,OCH, + Br 
*OH OH 


| | 
b. CH4—C --ОСН; + H,0: — CH; ы - 
Қым” "ан 
Н 


с. HO: + cien ens CH Св ---»- CH;CH,CH=CH, + H,O + Br 


-— 


5 i 
d. CH4CH;—C-—NH, — CH3;CH,—C—NH, + HO 
OH 
9 
e. ааа CH,—MgBr —— CH,CH;—C-H + *MgBr 
— CH; 
WA | 
f СН;—С OH —> СН mor + H,O 
OHA B ies 
g сн,—с- сн ——-  CH,—C—OH + СНОН 
OH 


SPECIAL TOPIC Ш 


Kinetics 


This is a continuation of the discussion on kinetics found in Section 3.7 of the text. Note that the rate 
laws are derived in Appendix III. 


1. 


How long would it take for the reactant of a first-order reaction to decrease to one-half its initial 


concentration if the rate constant is 4.5 x 10-3 5-1 and the initial concentration of the reactant is: 
а. 1.0 М? b. 0.50 М? 


How long would it take for the reactants of a second-order reaction to decrease to one-half their 


initial concentration if the rate constant is 2.3 x 10-2 M-1s-1 and the initial concentration of 
both reactants is: a. 1.0M? b. 0.50 M? 


How many half-lives are required for a first-order reaction to reach » 9996 completion? 


The initial concentration of a reactant undergoing a first-order reaction is 0.40 М. After 5 
minutes, the concentration of the reactant is 0.27 M; after an additional 5 minutes, the 
concentration of the reactant is 0.18 M; and after an additional 5 minutes, the concentration of 
the reactant is 0.12 M. 


a. What is the average rate of the reaction during each five-minute interval? 
b. What is the rate constant of the reaction? 


What percentage of a compound, undergoing a first-order reaction with a rate constant of 2.7 x 
1075 s-1, would have reacted at the end of two hours? 


How long would it take for a first-order reaction with a rate constant of 5.3 x 10-4 5-1 to reach 
7096 completion? 


The following data were obtained in a study of the rate of inversion of sucrose at 25?C. 
The initial concentration of sucrose was 1.00 M. 


Time (minutes) 0 30 60 90 130 180 
Sucrose inverted (M) 0 0.100 0.195 0.277 0.373 0.468 


a. What is the order of the reaction? 
b. What is the rate constant of the reaction? 


Calculate the activation energy of a first-order reaction that is 20% complete in 15 minutes at 
40 °C or 20% complete in 3 minutes at 60 °C. 


Analysis of an aqueous solution of sucrose shows that 80 grams of the original 100 grams of 
sucrose remain after 10 hours. At this rate, how much sucrose would be left after 24 hours? 


DNE " 
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Solutions to Problems in Special Topic III 


half-life of a first-order reaction = пр = 2 


0.693 
4.5 x 10-3 571 


= 154 seconds 
= 2 minutes, 34 seconds 


b. The half-life of a first-order reaction is independent of concentration, so the 
answer is the same as for a (15.4 seconds). 


"A ВЕ 
ба 
1 
2.3 x 10-2 M-!s-! (1.00 M) 


а. half-life of a second-order reaction = tin = 


43 seconds 
1 


2.3 x 10-2 М-15-1 (0.50 M) 
1 


1.15 x 10-2 5:1 


87 seconds 


b. пр = 


One-half of the compound reacts during the first half-life. One half of what is left after the 
first half-life reacts during the second half-life. One half of what is left after the second 
half-life reacts during the third half-life, etc. 


number of half-lives 


0.50 (100) = 50 50 
0.50 (50) = 25 75 
0.50 (25) = 12.5 87.5 


0.50 (12.5) = 6.25 93.8 
0.50 (6.25) = 3.125 96.9 
0.50 (3.125) = 1.5625 98.4 
0.50 (1.5625) = 0.78125 99.2 


Seven half-lives are required. 


ООС 
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change in concentration 
rate = ------- ——— 


change in time 


0.40M - 027M 
15 interval: rate = 9 0.13M 


= 2.60х 10-2 M min?! 


5 min 5 min 

2nd interval: rate — DM — 0158 = 900M . 1.80 10-2 М min! 
5 min 5 min 

3rd interval: rate = Шем = DIEM = 0.06M _ 1.20х 102 М шит! 
5 min 5 min 


Thus, the rate of the reaction decreases with decreasing concentration. 


b. rate = & [reactant], using the average concentration of the reactant during the 5 minute 


interval. 
18 interval: 2.60 х 10-2 M min! = k (0.335 M) 
k = 7.8x 10-2 min! 
2nd interval: 1.80 x 10-2 M min“! = k (0.225 М) 
k = 80x 102 min"! 
3rd interval: 1.20 x 10-2 M min“! = k (0.15 М) 


k = 8.0x 102 mil 


The rate constant, as its name indicates, is constant during the course of-the 
reaction. 


5. а = the initial concentration 
x = the concentration that has reacted at time =f 
a 
In = kıt 
а-х 
100 " -1 
In moz. 7m 2.70 хв:! (2 hours) 
100 = -1 
In ТТ 2.70 х5:1 (7200 seconds) 
100 
|| = 
n 100—x 0.0844 
100 = 
oo- ` 1.21 
100 = 121-1.21x 
121x = 21 


x = 17496 


15 order 


-In 

К, = 
Si 
= 3.51 
-ln 
= 3.62 
—In 


= 3.60 


= 3.59 


= kt 


530xslt 


_ dn 333 


5.30 x 10-4 5-1 


— 1.20 
530 x s 


2260 seconds 


37.6 minutes 


a-x 


a 
t 


1.000 – 0.100 


1.000 
30 


x 10^? 


1.000 – 0.195 


1.000 
60 


x 10° 


1.000 — 0.277 


1.000 
90 


x 10? 


1.000 — 0.373 


1.000 
130 


x 10? 
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1000-0.100 1.000 


30 
1.111— 1.000 
30 
3.70 x 10° 


l — 1.000 


1.000 — 0.195 


60 


4.03 x 10° 


1.000 — 0.277 


> — 1.000 


90 


4.26 x 10? 


— 1.000 


1.000 – 0.373 
130 
4.57 x 10° 


121 


1.000 
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E 1.000 — 0.468 1 = 
E 1.000 кле 1.000 – 0.468 
180 ; 180 
= 3.51х 03 = 4.89 х 10? 


a. Because the.calculated rate constants are relatively constant when the data are 
plugged into a first-order equation and vary considerably when the data are plugged 


into a second-order equation, 


b. 3.59 x 10-3 min“! 


8. 
in 1.00 
kat40*C = —— 100-920 = 149х102 min 
15 min 
ЕЕ 
ка. 60 °С = ое: = 7.44 x 102 min“! 
3 min i 
-E 1 1 
In k -In kı = a ЕЕ 
| | R ( T, T ) 
- 1 
in 744х 10-2 - In149x102 = — A (у; 
i 1.986 x 10-3 kcal 
== Ға 
- -(- = 2 .— (0.00300 - 0.00319 
2.60 - (- 421) 19865103 ) 
1.61 = а (- 0.00019) 
1.986 x 10-3 
E - 1х 1.986 x 10-3 
a -— — ——— - P— — 
0.00019 
Ед =  16.8kcal/mol 


one can conclude that the reaction is first-order. 


ЕРЕ 5 
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Sucrose is hydrolyzed to form a mixture of glucose and fructose. Because there is an 
excess water (it is the solvent), the reaction is a pseudo first-order reaction. 


First, the rate constant of the reaction must be determined: 


d aX = kt 
In 100 „ Кі x 10 hours 
80 
ky = 223x102hr! 
а 
100 z 
l = 2.23 х 10-2 (24h 
n 100 x (24 hr) 
100 
In = 0.535 
100 -x 
100 . 
100 x 1.71 
100 = 171 - 1.71x 
ІЛІх = 71 
х = 41.5 g have reacted 


Therefore, 58.5 g would be left. 


СНАРТЕК 4 
Reactions of Alkenes 


Important Terms 


acid-catalyzed reaction 


alkoxymercuration- 
demercuration 


carbene 


carbocation 
rearrangement 


catalyst 


catalytic hydrogenation 
concerted reaction 
constitutional isomers 
(structural isomers) 


dimer 


electrophilic addition 
reaction 


free radical 
halohydrin 


Hammond postulate 


heat of hydrogenation 
heterogeneous catalyst 


heterolytic bond cleavage 
(heterolysis) 


homogeneous catalyst 


homolytic bond cleavage 
(homolysis) 


hormone 


a reaction catalyzed by an acid. 


addition of an alcohol to an alkene using mercuric acetate followed by 
sodium borohydride and sodium hydroxide. 


a neutral carbon with a lone-pair of electrons and an empty orbital. 

the rearrangement of a carbocation to a more stable carbocation. 

a compound that increases the rate at which a reaction occurs without being 
consumed in the reaction. Because it does not change the equilibrium 
constant of the reaction, it does not change the amount of product that is 


formed. 


the addition of hydrogen to a double or a triple bond with the aid of a metal 
catalyst. 


a reaction in which all the bond-making and bond-breaking processes take 
place in a single step. 


molecules that have the same molecular formula but differ in the way the 
atoms are connected. 


a molecule formed by joining together two identical molecules. 


an addition reaction in which the first species that adds to the reactant is an 
electrophile. 


an atom or molecule with an unpaired electron. 
an organic molecule that contains a halogen atom and an OH group. 


states that the transition state will be more similar in structure to the species 
(reactants or products) that it is closer to energetically. 


the heat (AH?) released in a hydrogenation reaction. 
a catalyst that is insoluble in the reaction mixture. 


breaking a bond with the result that both bonding electrons stay with one of 
the atoms. 


a catalyst that is soluble in the reaction mixture. 


breaking a bond with the result that each of the atoms gets one of the 
bonding electrons. 


a compound that controls growth and other changes in tissues. 


—— 


hydration 
1,2-hydride shift 


hydroboration-oxidation 


hydrogenation 


hyperconjugation 


initiation step 


Markovnikov's rule 


mechanism of the reaction 
1,2-methy! shift 
oxymercuration- 
demercuration 


pericyclic reaction 


peroxide effect 


pheromone 
primary alkyl radical 
primary carbocation 


propagation step 


radical (often called a 
free radical) 
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addition of water to a compound. 
the movement of a hydride ion from one carbon to an adjacent carbon. 


the addition of borane to an alkene (or to an alkyne) followed by reaction 
with hydrogen peroxide and hydroxide ion. 


addition of hydrogen. 


delocalization of electrons by overlap of carbon-hydrogen or carbon-carbon 
o bonds with an empty p orbital. 


the step in which radicals are created, or the step in which the radical 
needed for the first propagation step is created. 


the actual rule is: “When a hydrogen halide adds to an asymmetrical 
alkene, the addition occurs such that the halogen attaches itself to the 
carbon atom of the alkene bearing the least number of hydrogen atoms.” 


Chemists use the rule as follows: The hydrogen adds to the sp2 carbon that 
is bonded to the greater number of hydrogens. 


A more general rule is: The electrophile adds to the sp? carbon that is 
bonded to the greater number of hydrogens. 


a description of the step-by-step process by which reactants are changed 
into products. 


the movement of a methyl group with its bonding electrons from one 
carbon to an adjacent carbon. 


addition of water using a mercuric salt of a carboxylic acid as a catalyst, 
followed by reaction with sodium borohydride. 


a concerted reaction that involves a cyclic rearrangement of electrons. 


causes the electrophile in an addition reaction of HBr to be a bromine 
radical instead of a proton. 


a chemical substance used for the purpose of communication. 

an alkyl radical with the unpaired electron on a primary carbon. 

a carbocation with the positive charge on a primary carbon. 

in the first of a pair of propagation steps, a radical (or an electrophile or a 
nucleophile) reacts to produce another radical (or an electrophile or a 
nucleophile) that reacts in the second propagation step to produce the 
radical (or the electrophile or the nucleophile) that was the reactant in the 


first propagation step. 


an atom or molecule with an unpaired electron. 


Q 
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‚© 
acy > 


„cave reaction 


secondary alkyl radical 
secondary carbocation 
steric effect 


steric hindrance 
termination step 


tertiary alkyl radical 


tertiary carbocation 


an addition reaction in which the first species that adds is a radical. 


` a reaction in which radicals are formed and react in repeating propagatin 


steps. 
1 compound that traps radicals. 
a compound that creates radicals. 


a reaction that leads to the preferential formation of one constitutional 
isomer over another. 


an alkyl radical with the unpaired electron on a secondary carbon. 
a carbocation with the positive charge on a secondary carbon. 
an effect due to the space occupied by a substituent. 


refers to bulky groups at the site of a reaction that make it difficult for t 
reactants to approach one another. 


two radicals combine to produce a molecule in which all the electrons 2 
paired. 


an alkyl radical with the unpaired electron on a tertiary carbon. 


a carbocation with the positive charge on a tertiary carbon. 
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Solutions to Problems 


сн; 
| 
а. СНзСН2ССН: > CH;CH,CHCH; > CH;CH;CH;CH, 


b. The halogen atoms decrease the stability of the carbocation because, since they are more 
electronegative than a hydrogen, they are more effective than a hydrogen at withdrawing 
electrons away from the positively charged carbon. This increases the concentration of 
positive charge on the carbocation which makes it less stable. 


Because fluorine is more electronegative than chlorine, the fluorine-substituted 
carbocation is less stable than the chlorine-substituted carbocation. 


CH;CHCH;CH, > CH,CHCH,CH, > CH,CHCH;CH, 
CH; СІ Е 


2; a. The bond orbitals of the carbon that is adjacent to the positively charged carbon are the bond 
orbitals that are available for overlap with the vacant p orbital. Because the methyl cation does 
not have a carbon adjacent to the positively charged carbon, there are no bond orbitals 
available for overlap with the vacant p orbital. 


b. An ethyl cation is more stable because it has three carbon-hydrogen bond orbitals available for 
overlap with the vacant p orbital, while a methyl cation does not have any carbon-hydrogen 
bond orbitals available for overlap with the vacant p orbital. 


3. a. products b. reactants с. reactants d. products 
4. 
CH, | CH; 
a. CH4CH c. Я 
Вг 
CH; CH; 
b. CH;CH;CCH; d. CH,CCH;CH;CH;CH; f. CH;,CH;CHCH; 
Br Br Br 
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Th | 
а. CH,—CCH, b. ( )у—снсн=сн, с. (exch, 


СН. 
a. СН;СН;С--СН; 
In both a and b, the compound that is more highly regioselective is the о 
b. CH, where the choice is between forming a tertiary carbocation or a primary 


carbocation. 

In the less regioselective compound, the choice is between forming a (егі 
carbocation or a secondary carbocation, so the difference in the stability. 
the two possible carbocations is not as great. 


As long as the pH is greater than —2.5 and less than about 15, more than 50% of 2-propanol 
would be in its neutral, nonprotonated form. 

Because when the pH = pKa, half the compound is in its acid form and half is in its basic form, a 
a pH less than - 2.5, more than half of the compound will be in its positively charge protonated 
form. At a pH greater than about 15, more than half of the compound will exist as the negatively 
charged anion. 


a. 3 transition states с. the neutral alcohol 
b. 2 intermediates d. the second and third steps in the forward direction 


а. CH,CH;CH;CHCH, <. ~CH;CH,CH,CH,CHCH; and CH,CH;CH;CHCH;CH; 
OH ОН ОН 


ОН 
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10. а 
сн, CH, CH; CH; 
1. CH,CCH; 2. CH,CCH; з. CHCCH; 4. CH4CCH; 
СІ Вг ÓH OCH, 


b. The first step in all the reactions is addition of an electrophilic proton (H^) to the carbon of 
the СН» group. 
The tert-butyl carbocation is formed as an intermediate in each of the reactions. 


с. The nucleophile that adds to the tert-butyl carbocation is different in each reaction. 


In reactions #3 and #4, there is a third step—a proton is lost from the group that was the 
nucleophile in the second step of the reaction. 


3. CH, сн, 4 ÇB; сн, 
CH,CCH, —- CH,CCH, + H,0* снхсн; --»- CH,CCH, + но” 
+ 
| Е ОН ОН : E OCH; 
HÓ H CH,OH H 
47 7 


п. 


а. Ht 
(> + СИОН И { осн 


CH; : CH, 
b. CH,—CCH, + сњон Нь CH,OCCH, 
CH; 


+ 


с. CH,;CH=CHCH, + CH,CH,OH Ё. CH,CH;CHCH; 
ки OCH,CH, 
CH,—CHCH,CH, + CH,CH;0H H CH;CH;CHCH, 
- OCH,CH, 


CH=CH, + CH4CH,CHCH, э CH;CH;CHCH, 
OI осн,сн; 
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а. CH,CH-CHCH, + 


ог 


CH,=CHCH,CH; + 


f. CH,CH,CH=CHCH,CH; 


12. 


+ 


H 


SEDE EU ———— 


сн; 


Solved in the text. 


13. 


H,O CH,CHCH,CH; 
OH 
CH,CHCH;CH; 


OH 


H,O 


OH 


+ 
МЕ i 


+ H,O CH;CH}ÇHCH,CH,CH; 


OH 


CH,CHCH,CH,ÓH 


CH4 

* CH + | 

снов — сн;снсн;Сн›фу ССН; | 
CH, СН; Н СН; 
В: 
В: is any base that is | 
present іп the reaction mixture 

СН; 
HB' + CH;CHCH,CH,OCCHS 
CH; СН; 
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14. 
1,2-hydride Br 
Ht + shift + Br. | 
а. CHCHCH-CH, — CH,CHCHCH, — = CH,CCH;CH; — = CH;CCH,CH; 
CH; CH; CH; CH; 
secondary tertiary 


: CH) CH; Вг, СН, 
. + 
+ ~ 
о О = 0 


+ + = 
© CH,CHCH,CH=CH, HH, CH;CHCH;CHCH, —Br, CH;CHCH;CHCH, 


СН. CH; CH; Br 
d. СҢ; CH; Вг, СН; 
+ 
+ - 
O =- O 0 
CH; CH; 1,2-methyl . CH3 CH, Br 
atl Ht + shift 1+ Br? | 
е. CH=CH CH —> ЗОНА — PCH GH: —> Сијене CH, 
CH; CH; CH; CH; 
secondary tertiary 
f Tib CH; 


Br 


1-Bromo-3-methylcyclohexane and 1-bromo-4-methylcyclohexane will be obtained in 
approximately equal amounts because in each case the initially formed carbocation is secondary. 
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15. 


16. 


17. 


18. 


Chapter 4 
CH, Addition of H+ would form a 
| carbocation that could rearrange. 
CH4CCH;CH4 
| Addition of Br* forms а cyclic 


bromonium ion rather than a carbocation 
so there is no rearrangement. 


a. The first step in the reaction of ethene with Br? forms a cyclic bromonium ion, whereas the 
first step in the reaction of ethene with HBr forms a carbocation. 


b. If the bromide ion were to attack the positively charged bromine atom, a highly unstable 
compound (with a negative charge on carbon and a positive charge on bromine) would be 


formed. 
ЖТА 


+ 

Вг .. - - T 

» N + в: — СН,;-СН,-Вг-Ві 
2 . 


Notice that the electrostatic potential maps of the cyclic bromonium ions on p. 158 of the text 
show that the ring carbons are the least electron dense (most blue) atoms in the intermediate. 


The nucleophile that is present in greater concentration is more apt to collide with the 
carbocation intermediate. Therefore, if the solvent is a nucleophile, the major product will come 
from reaction of the solvent with the carbocation or cyclic bromonium (or chloronium) ion 


intermediate, because the concentration of the solvent is much greater than the concentration of 
the other nucleophile. (For example, in “а” the concentration of CH3OH is much greater than the 


concentration of Cl .) 


СН; єн, 
а. сїсн; Сн, апа CICH;CCH; с. CH,CH,CHCH; and CH,CH;CHCH, 
OCH, СІ OH Cl 
major major 
b. CH;CHCH, and СН;СНСН; d. CH;CH;CHCH; and CH;CH;CHCH; 
I Br OCH, Br 
major major 


As elements, sodium and potassium achieve an outer shell of eight electrons by losing the 
single electron they have in the 35 (in the case of Na) or 4s (in the case of K) orbital, thereby 
becoming Na’ and К“. In order to form a covalent bond, they would have to regain electrons 11 
these orbitals, thus losing the stability associated with having an outer shell of eight electrons 
and no extra electrons. 
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19. Because chlorine is more electronegative than iodine, iodine will be the electrophile. Therefore, 
it will become attached to the sp? carbon that is bonded to the greater number of hydrogens. 


J+ 
CH,CH,CH=CH, + I—Cl --»- СН;СН;СН--СН, --»- CH;CH;CHCHI 


20. 
a. CH)CHCH;CH, b. CH;CHCH;CH, c. CH,CHCH;CH, d. CH,CHCH,CH, 
Br Br Br OH Br ОСЊСН, Br OCH, 


21. Notice that the addition of water or the addition of an alcohol to an alkene can be carried 
out using an acid catalyst (Section 4.5) or by mercuration/demercuration (Section 4.8). 


" H OCH,CH; 
CH;,CH,OH 


or 


1. Hg(O2CCF;),, CH;CH;OH 
2. NaBH, 


b. odi T. Hs CH; CH; 
—> OH H' 

H,O %» € e — > (Кон 
H,O 

or, or 

1. Hg(OAc),, H,O, THF 


1. Hg(OAc),, H,O, THF 
2. NaBH, 


2. NaBH, 
CH н 
с. СНЕСНСН CH4CHCH,CH 
3 PSS area «cr, 
! — CH,CH,OH PELA: 
ÓCH;CH, 
or 
1. Hg(O;CCF3),, CH;CH,OH 
2. NaBH, 


4 
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ie - СН: 
d. CH;—CCH;CH; -y CH4CCH;CH; 
69 осн 
ог $ 


1. Hg(O;CCF4), СНҘОН 


2. NaBH, 
22. 
СН; x СН; 1 ,2-hydride CH; CI 
H | shift | H,O | 
а. CH,=CHCHCH;, — CH4CHCHCH, — CH;CH;CCH; — ЭН 
+ 
Ol 
(Ha 1. Hg(OAc),, H,O, THF үнз 
> с > , 5 
b. CH;—CHCHCH; pee d ыч CH,CHCHCH, 
2. NaBH, 4 z 


In a, a carbocation rearrangement is required to get the desired product from the given starting п 


In b, the desired product must be obtained from a reaction that will not form a carbocation intern 


23. Because one mole of BH3 reacts with three moles of an alkene, one third of a mole of ВН} is 
needed to react with each mole of alkene. Therefore, two thirds of a mole of BH3 is needed to 
react with two moles of an alkene (in this case, 1-pentene). 


24. 

СН; у СН; 
| _ 1. ВН | 

а. CH,C=CHCH, - CH,;CHCHCH, 

2. HO, H,0,, H,O | 
ОН 

СН; СН; 

b. 1. BH, s 


2. НО; НО», НО 
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Addition of a proton to the carbon that is bonded to the greater number of hydrogens forms 
a carbocation intermediate. The alcohol group in the same molecule is the nucleophile that 
reacts with the carbocation. 


(Hs МАН (Hs ЕС 
CH,—CCH,CHCH,; ----»- СН;-ССН;СНСН; ——= CH; 
ен у ен Hic O 
T 
[^ C i e 
OH “ОН ВА, Н 
НВ" is any acid present in the solution Н.С 
В: is any Базе present in the solution A ae 
H3C О + НВ 
CH; : CH, 
M -Br 
+ Be -->- 
СН. 


CH; 
~ Вг Вг 
+ HBr —3 + Bre 


Because alkene A has the smaller heat of hydrogenation, it is more stable. 


a. CHCH; 
X This alkene is the most stable bcacause it has the greatest 


number of alkyl substituents bonded to the 5р2 carbons. 


b | CH;CH; 
| CX. This alkene is the least stable bcacause it has the fewest 


number of alkyl substituents bonded to the 5р2 carbons. 


с. CH;CH; 
This alkene has the smallest heat of hydrogenation 
because it is the most stable of the three alkenes. 
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29. 
H HCH, сњСн, ‚снусн, HBC cH iii 
С=С > C=C > c= a 
/ N 
CH4CHj H H H Т a 
2 trans substituents 2 cis substituents 2 cis substituents that 


cause greater steric strain 


CH,CH;CH;CH, P; 
ВЕС 
/ N 
H H 


one substituent 


30. Solved in the text. 


31.  Thereaction of 3-methylcyclohexene with HBr and peroxide would form approximately equal 
amounts of 1-bromo-2-methylcyclohexane (the desired product) and 1-bromo-3-methyl- 
cyclohexane because the bromine radical could add to either the 1-position or the 2-position of 
the alkene since in both cases a secondary radical would be formed. Thus, only half as much of 
the desired product would be formed from 3-methylcyclohexene than from ]-methyl- 


cyclohexene. 
CH; СН. 
— r 
: + 
Вг 


CH; 


HBr HBr 
CH4 CH; 
Br 
n 
Br 
] -bromo-2-methyl- 1-bromo-3-methyl- 


cyclohexane cyclohexane 


M Lara 


32. 


Chapter 4 


If 3-methylcyclohexene were treated with HBr in the absence of peroxide, little 1-bromo- 2- 
methylcyclohexane (the desired product) would be formed because the secondary carbocation 
with a positive charge at the 2-position would rearrange to a more stable tertiary carbocation. 


O-6.0- 


[pr p (аг 
CH; CH; Вг, СН; 
Вг 
1-bromo-3-methyl- ^ 1-bromo-2-methyl- 1-bromo-1-methyl- 
cyclohexane cyclohexane cyclohexane 
minor 
ні 
a. СН.СНЕСН, aon CH4CHCH4 
A OCH, | 
T 
b. CH;CH,CH=CHCH, + Вг» —> ЕН НОНО 
Вт 
СН; СНОН 


1. ВН, 
2. НО”, H0,, H,O 


CH; CH, СНО 


== 


CH, CH, 
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f. H' 
+ CH,CH,CH,OH ---»- 


OCH,CH,CH, 


33. 
Br vee CHCH, CH 
a. b. CH,CCH;CH с. d. CH,;,CH,C—C 
er ayes Br а ab i 
Br Br CH 
34. 
electrophile nucleophile 
a, CH;CHCH; + :u —— CH,CHCH; 
nucleophile electrophile 
b. CH,CH=CH, + ‘Bry —> CH,;CHCH)Br: 
electrophile Tes 
CH, nucleophile ---» СН као 
с. СН:С* + Стон CH, H 
CH; 
35. 
ÇH; CH; 
а. CH,C=CHCH; + HBr --->»- CH3C—CH)CH;3 
Br 
СН; СН; 


| i | 
b. CH,C=CHCH, + HBr Exe CH,CH-CHCH; 
Br 


"i 
CH4C-CHCH, 


о 


б 
CH,C=CHCH, 


= 


e 
е. СН.СЕСНСН, 


сн, 
CH,C=CHCH, 


ы 


св, 
е. СН.СЕСНСН, 


сн, 
CH,C=CHCH, 


E 


сњ 
і. CH3C —CHCH; 


СН 
j- CH,C=CHCH, 


fie 
К. CH;C=CHCH, 


CH; 


| 
1. CH;C=CHCH, + Br; 


сн, 
m. CH,C-CHCH, 
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CH, 
“НІ ——»  CH,C—CH,CH; 
[ 
| CH; 
+ HI Peexde — Cu Ó Cg cg, 
І 
СН, 
+ с —- CH;C-CHCH, 
Qt 
CH, 
—Н2 = cH,CH-CH,CH, 
Ра 
сн, 
+ Вг; + excess МС ----- CH3C—CHCH; 
1. Hg(OAc), HO re i 
2. NaBH, СИ 
OH 
CH, 
+ Ho 18 НО eu o cg cg, 
Он 
сњ 
+ Br; ———» СН;С-СНСН; 
CH,Cl, LE 
CH, 
H,O i 
+ Вг) --4-»- CH4C-CHCH; 
HO Br 
CH, 
CH,OH 
=  CH,C-CHCH, 
СН.О Br 
BH, ra 


l 
OH 


—— Се 
2. Н,0,, НО” 
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36. 


37. 


38. 


Chapter 4 
CH 
(ts 1. Hg(O,CCF,);, СНОН [^ 
о ое е cec e а CH,C-CH;CH; 
э. OCH, 
CH, CH, CH, 


| 
CH;CH—CCHCH;CH, CH,C—CCH;CH,CH; CH,CH=CHCHCHCH; 


CH; CH, 


CH, 


3,4-dimethyl-2-hexene 2,3-dimethyl-2-hexene 4,5-dimethyl-2-hexene 


2.3-Dimethyl-2-hexene is the most stable because it has the greatest number alkyl substituents 
bonded to the 5р2 carbons. Because it is the most stable, it has the smallest heat of 


hydrogenation. 


4,5-Dimethyl-2-hexene has the fewest alkyl substituents bonded to the sp? carbons. making it 
the least stable of the three alkenes. It, therefore, has the greatest heat of hydrogenation. 


М 


CH,CHCH-CH, + НВг —— 
CH; 


H 1,2-hydride 
shift t 
CH;C —CHCH; — СНЗССН2СН: 


CH, CTR) 


| |: 


Br Br 
| 
СНЗСНСНСН: CH4CCH;CH, 
CH, CH, 
= ra b. CH,=CHCH,CH,CH,CH, | CH,=CHCH,CHC 
CH,C=CCH 
3 s 3 CH; CH; 
: CH, =CHCHCH,CH; CH,CCH=CH, 
This compound is most stable. CH, cH 
3 


It has 4 alkyl substituents 
bonded to the sp? carbons. 


These compounds are the least stable. 
Each has only one alkyl substituent 


bonded to the sp? carbons. 
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39. 


Tere :0 
[A i 

a H4—C [p — CH,—C—CH, + CH;0 
ен; 


с CHCCH-Br + СНО: ә» CH,CH,—OCH, + Br 


40. 


CH,CHCHBr 
ont 
CH,CH,CH, 
Жө 
Br, 


СН-СІ, 
ЕК Ht С == CY i SM 
H === 
H,O HBr- 
Дон B CH,CH>CH,Br 
CHA HCH, г МЕ CY 
CY OCH, Е 


oe 


CH,CH,CH,OH 
ШІ 1. BEN 


pos 
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41. 
а. СН;-СІ Cl uses a 3 sp? orbital in bond formation, while Br uses 
a 4 sp? orbital. СІ, therefore, forms a shorter and stronger 
bond with carbon. 
b. CH3;CH,CH, À primary radical is less stable than a secondary 
! radical, so it is harder to break a bond that results іп 
H the formation of a primary radical than it is to break a 
bond that results in the formation of a secondary radical. 
с. СН;-СН; A methyl radical is less stable than a primary radical, 
50 it is harder to break a bond that results in the formation 
of two methyl radicals than it is to break a bond that results 
in the formation of a methyl radical and a primary radical. 
d. Br—Br I forms a weaker bond than Br because I uses a 5 sp? 
orbital in bond formation, while Br uses a 4 sp? orbital. 
42. 
а. С. noreaction её. 5. i. 
Cl without an OH OCI 
acid catalyst Br СІ 
b. | d. f. h. j. 
OCH, OH Br Я СІ 
Вг СІ 
43. 
CH,CH=CH, 
a. Ho d. H' > 
Pd/C HO 
b. CH;CH,CH,CH=cH, HCL Br 
- CH3;CH,CH, 2 e. CH;CH,CH=CHCH,CH, BM 
CH, Н, 
СІ 
с. _ НВ: >. f. CH,CH;CH-CHCH,CH, — 25 
peroxide NaBr 


or excess 


CH,CH;CH-CHCH,CH, Ве» 
NaCl 


excess 
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is CH; CH; 
a. 
and 
b. No. 
CH; СН,Вг 
Ф + HBr peroxide 
CH; CH, 
eroxide Br 
+ HBr „киш, 
c. Yes 
СН; нс. а 
Ф + HCl — 
e Hs нс сі 
VIDT. 
d. Peroxide has no effect on the addition of HCl, so both compounds will give the same 
product (the product shown in c). 
45. 
CH, CH; 
а. CH,CCH, е. CH,C=CHCH,CH, 
+ 
à f СН; 
b. CH,CHCH,CH, . CY 
€ СН;СНСН; 
т g CH,CHCH;CH, 
+ 
d. CH;CH,CH,CHCH, СІ 
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46. 


47. 


48. 
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а. To determine their relative rates of hydration, the rate constant of each alkene is divided by 
the smallest rate constant of the series (3.51 x 10-8). 


propene 


cis-2-butene 


trans-2-butene 


2-methyl-2-butene 


2,3-dimethyl-2-butene 


b. Both compounds form the same carbocation, but since (Z)-2-butene is less stable than 
(E)-2-butene, (Z)-2-butene has a smaller free energy of activation. 


4.95 x 10-8/3.51 x 10-8 
8.32 x 10-8/3.51 x 10-8 
3.51 x 10-8/3.51 x 10-8 
2.15 x 10-4/3.51 x 10-8 
3.42 x 10-4/3.51 x 10-8 


i 


1 


И 


1.41 
2.37 


6.12 x 103 
9.74 x 103 


c. 2-Methyl-2-butene reacts faster because it forms a tertiary carbocation in the rate-limiting 


step, while cis-2-butene forms a less stable secondary carbocation. 


d. Both compounds form tertiary carbocation intermediates. However, 2,3-dimethyl-2-butene 
has two sp? carbons that can react with a proton to form the tertiary carbocation whereas 


2-methyl-2-butene has only one sp? carbon that can react with a proton to form the tertiary 
carbocation. Therefore there will be more collisions with the proper orientation that lead to 
a productive reaction in the case of 2,3-dimethyl-2-butene. 


a H H 
C-C 
/ ` 

Н CI 


Only a symmetrical alkene will form the same alkyl halide when it reacts with HBr in the 


presence of peroxides that it forms when it reacts with HBr in the absence of peroxides. 


Et 


b. There are many more symmetrical alkenes in the case of an alkene with an even 
number of carbon atoms. 


% 


сн; 


сн;сн,- 


СН;СН 
greens 


НС 


N 


CH, 


49. 


50. 


51. 


52. 
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No, he should not follow the student's advice. Markovnikov's rule would indicate that the 
secondary carbocation is more stable than the primary carbocation. However because of the 
electron-withdrawing fluoro substituents in this compound, the primary carbocation is more 
stable than the secondary carbocation, since in the latter the positive charge is closer to the fluoro 
substituents. So the major product will be 1,1,1-trifluoro-3-iodopropane, not 1,1,1-trifluoro-2- 
iodopropane, the compound that would be predicted to be the major product by Markovnikov's 


rule. 


+ 
а. CH,CH,CH=CH, — > CH,CH,CHCH, — CH;,CH;CHCH; 


| Сл 3 
(T 


on, 
CH;CH;CHCH; 
OCH; 
b. the first step e. the sec-butyl cation 
c. H* f. methanol 
d. 1-butene 


a. Both 1-butene and 2-butene react with HCI to form 2-chlorobutane. 


b. Both alkenes form the same carbocation, but because 2-butene is more stable than 1-butene, 
2-butene has the greater free energy of activation. 


c. Because 1-butene has the smaller free energy of activation, it will react more rapidly with 
HCl. 


d. Both compounds form the same carbocation, but since (Z)-2-butene is less stable, it will 
react more rapidly with НСІ. | 


55 CH, CH; CH; CH; 


4 alkenes 8 


b. 1-Methylcyclopentene is the most stable. 


с. Because 1-methylcyclopentene is the most stable, it would have the smallest heat of 
hydrogenation. 
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53. 
CH CH 
с CH C CH | вг) (8 
Қ Е А form + СН; “Вг: CH; 
[f es [B — | 
secondary 
CH, CH; бәле CH; CH; 
* Вг: 
5 adi 
tertiary 

b. The initially formed carbocation is tertiary. 

c. The rearranged carbocation is secondary, which then undergoes another rearrangement to a 
more stable tertiary carbocation. 

d. The initially formed carbocation rearranges in order to release the strain in the four- 
membered ring. (A tertiary carbocation with a strained four-membered ring is less stable 
than a secondary carbocation with an unstrained five-membered ring.) 

54. 


It tells us that the first step of the mechanism is the slow step. If the first step is slow, the 


carbocation will react with water in a subsequent fast step, which means that the carbocation wi 
not have time to lose a proton to reform the alkene. 


H' + H50 
CH=CD, ---»- CH-CHD, ж CH—CHD, 
slow fast | 


* OH; 
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If the first step were not the slow step, an equilibrium would be set up between the alkene and 


the carbocation, and because the carbocation could lose either H+ or D+ when it reformed the 
alkene, all the deuterium (D) would not be retained in the alkene. 


H' 
¢ З-ен-о», == {_У—сн-снь, — {У снесно 
+ 
| + DÝ 
{_У—си=сь, + Нн” 


55. > М 
а. А proton adds to the alkene, forming a secondary carbocation, which undergoes а ring- 
expansion rearrangement to form a more stable tertiary carbocation. 


+ 
HC, (CH=CH, нұс. CHCH, TA "WA у. 
H4C Q oH 
H* port Hi muc 


сн; 


b. At first glance this appears to be a difficult mechanism, but examination of the reaction shows 


that the only electrophile available to the alkene adds to the sp? carbon bonded to the most 
hydrogens (the one that results in the formation of the most stable carbocation). This is 


followed by the addition of the nucleophilic nitrogen to the other sp? carbon. 


+ - + TIR N 
CH;CH;C—CH, + CH,=N=N ---»- CH3CH,CCH,CH,N=N —> 
CH; V CH, Н.С 


сн;сн; 
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c. The weak oxygen-oxygen bond breaks homolytically, forming a radical that abstracts a 
hydrogen atom from НССІз. The radical that is formed adds to the double bond. Ал 
electron of the other double bond pairs with the unpaired electron, forming a bond that 
divides the ring. The new radical abstracts a hydrogen atom from HCCls, and the 
propagation steps are repeated. 


ҒЫЛ), 


RO” + HMCCl ——» ROH + “СС; 


+ “СС, === 6) — C 


CCl; CCl, 
СО ој СО. = 


56. 


+ H,O 
Cl O А СІ СІ 
| LB. {> ж А У | 
b. SIE C—O: ---»- (СІ--С: ---»- С—С: + CI 
СІ ма” 1 
+ CO, 
+ Ма“ 
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Chapter 4 Practice Test 


Which member of each pair is more stable? 
CH, CH; 


221 
2 CH4CHCH;CH; or CH,CCH; d. " CY 


p, CH;CH,CH,CH, ог CH;CH,CHCH, 
e. нс н ЊЕ CH; 


/ / 
2. + C=C or С-- 
с. CH4CHóCH ог СІСН,СН,СН 7 \ / \ 
епн) 292695 Н CH, H H 


Which would be a better compound to use as a starting material for the synthesis of 
2-bromopentane? 


CH4CH;CH;CH-—CH; Or СН;СН;СН--СНСН; 


The addition of Но in the presence of Pd/C to alkenes А and B results in the formation of the 


same alkane. The addition of Нә to alkene A has a heat of hydrogenation (-AH?) of 29.7 
kcal/mol, while the addition of H2 to alkene B has a heat of hydrogenation of 27.3 kcal/mol. 
Which is the more stable alkene, А or B? 


What is the major product of each of the following reactions? 
CH; 


а. CH5—CCH;CH, + HBr —>» 
CH, 
b. CH;CHCH=CH, + HC] --”- 


с. CH;CH,CH=CH, + Cl 205. 
CH, 

d. CH,CCH-CH, + HBr --- 
CH, 
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Write out the propagation steps that occur in the addition of HBr to 1-methylcyclohexene in the 
presence of peroxides. 
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6. Indicate how each of the following compounds could be synthesized using an alkene as one of 
the starting materials: 
o 
a. 
= СО 
CH, 
OH 


с. CH,CH,CH,Br 
ad di 
CH; 
— 


ИЕ? Indicate the carbocations that you would expect (о rearrange to give a more stable carbocation. 
CH; CH; 
e 
CH,CH;CHCHCH, — CH;CH,CHCH; у 
+ 
8. What product would be obtained from the hydroboration-oxidation of the following alkenes? 
a. 2-methyl-2-butene b. 1-ethylcyclopentene 
9. Indicate whether each of the following statements is true or false: 


a. The addition of Br» to 1-butene to form 1,2-dibromobutane is a concerted 
reaction. T F 


b. The reaction of 1-butene with НСІ will form 1-chlorobutane as the major 
product if hydrogen peroxide is added to the reaction mixture. T F 


c. 2,3-Dimethy]l-2-pentene is more stable than 3,4-dimethyl-2-pentene. T F 


d. The reaction of HBr with 3-methylcyclohexene is more highly regioselective 
than the reaction of HBr with 1-methylcyclohexe. T р 


D 


Special Topic IV 
Exercise in Model Building 


Do the following exercises using molecular models. 


1. Build the enantiomers of 2-bromobutane. 
a. Try to superimpose them. 
b. Show that they are mirror images. 
c. Which one is (R)-2-bromobutane? 


2. Build the erythro enantiomers of 3-bromo-2-butanol. 

a. Where are the Br and OH substituents (relative to each other) in the Fischer 
projection? (Recall that in a Fischer projection, the horizontal lines represent bonds 
that point out of the plane of the paper toward the viewer, and the dashed lines 
represent bonds that point back from the plane of the paper away from the viewer.) 

b. Where are the Br and OH substituents (relative to each other) in the most stable 
conformer considering rotation about the C-2—C-3 bond? 


3. a. Build the compounds labeled “1” and “2” shown on the top of page 201 of the text. 
b. Build their mirror images. 
c. Show that "1" is superimposable on its mirror image but '2" is not. 


4. Build the three stereoisomers of 2,3-dibromobutane. 

5. Build the four stereoisomers of 2,3-dibromopentane. 
Why does 2,3-dibromopentane have four stereoisomers, while 2,3-dibromobutane has only 
three stereoisomers? 

6. Build (S)-2-pentanol. 


7. Build (25,3R)-3-bromo-2-butanol. Rotate your model so it is in a Fischer projection. Compare 
its structure with the structure of (25,3R)-3-bromo-2-butanol shown on page 205 of the text. 


8. Build the compounds shown in Problem 33 on page 208 of the text. Name the compounds. 


9. Build (5)-1-bromo-2-methylbutane. Substitute the Вг” with an НО” to form 2-methyl-1-butanol. 
What is the configuration of your model of 2-methyl-1-butanol? 


10. Build ethanol. Which of the hydrogens is the pro- R-hydrogen? 
lil. Build two models of trans-2-pentene. Add Br» to opposite sides of the double bond, forming 


the two enantiomers shown on page 226 of the text. Rotate them so they are Fischer projections. 
Are they erythro or threo enantiomers? Compare your answer with that given in the text. 


12. Build models of the molecules shown in Problem 86 on page 237 of the text. What is the 
configuration of the chirality center in each of the molecules? 


СНАРТЕВ 5 
Stereochemistry: The Arrangement of Atoms т Space; 
The Stereochemistry of Addition Reactions 


Important Terms 


absolute configuration the three-dimensional structure of a chiral compound. The configuratio 
designated by К or S. The configuration is called absolute to distinguis 
from a relative configuration. 


achiral a molecule or object that contains an element (a plane or a point) of 

(optically inactive) symmetry. 

amine inversion results when a compound containing an sp? hybridized nitrogen with а 
nonbonding pair of electrons rapidly turns inside out. 

anti addition an addition reaction in which the two added substituents add to Opposit 
sides of the molecule. 

asymmetric carbon a carbon atom that is bonded to four different substituents. 

biochemistry the chemistry associated with living organisms. 

chiral a chiral molecule has a nonsuperimposable mirror image. 

(optically active) 

chirality center an atom that is bonded to four different substituents. 

cis isomer the isomer with substituents on the same side of a cyclic structure, or 
the isomer with the hydrogens on the same side of a double bond. 

cis-trans isomers geometric (or E, Z) isomers. 

chromatography a separation technique in which the mixture to be separated is dissolved 


a solvent and the solution is passed through a column packed with an 
adsorbent stationary phase. 


configuration the three-dimensional structure of a chiral compound. The configuratior 
designated by К or S. 


configurational isomers stereoisomers that cannot interconvert unless a covalent bond is broken. 
Cis-trans isomers and optical isomers are configurational isomers. 


constitutional isomers molecules that have the same molecular formula but differ in the way th 


(structural isomers) atoms are connected. 
dextrorotatory the enantiomer that rotates polarized light in a clockwise direction. 
diastereomer a configurational isomer that is not an enantiomer. 


diastereotopic hydrogens two hydrogens bonded to the same carbon that will result in a pair of 
diastereomers when each of them is replaced in turn with deuterium. 


enantiomers nonsuperimposable mirror-image molecules. 


enantiomerically pure 


enantiomeric excess 


enantiotopic hydrogens 


enzyme 


erythro enantiomers 


Fischer projection 


isomers 


isomers that contain 
asymmetric carbons 


levorotatory 

meso compound 
observed rotation 
optical purity 
optically active 
(chiral) 


optically inactive 
(achiral) 


pair of enantiomers 


perspective formula 


plane of Symmetry 


Plane-polarized light 
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only one enantiomer is present in an enantiomerically pure sample. 


how much excess of one enantiomer is present in a mixture of a pair of 
enantiomers. 


two hydrogens bonded to a carbon that is bonded to two other groups that 
are nonidentical. 


a protein that catalyzes a biological reaction. 

the pair of enantiomers with similar groups on the same side (in the case of 
stereoisomers with adjacent asymmetric carbons) when drawn in a Fischer 
projection. 

a method of representing the spatial arrangement of groups bonded to an 
asymmetric carbon. The asymmetric carbon is the point of intersection of 
two perpendicular lines; the horizontal lines represent bonds that project 
out of the plane of the paper toward the viewer, and the vertical lines 
represent bonds that project back from the plane of the paper away from 
the viewer. 

nonidentical compounds with the same molecular formula. 


these can be enantiomers, diastereomers, and meso compounds. 


the enantiomer that rotates polarized light in a counterclockwise direction. 
a compound that possesses asymmetric carbons and a plane of symmetry. 
the amount of rotation observed in a polarimeter. 


how much excess of one enantiomer is present in a mixture of a pair of 
enantiomers. 


rotates the plane of polarized light. 
does not rotate the plane of polarized light. 


a pair of nonsuperimposable mirror image molecules. 


a method of representing the spatial arrangement of groups bonded to a 
chirality center. Two bonds are drawn in the plane of the paper; a solid 
wedge is used to depict a bond that projects out of the plane of the paper 
toward the viewer, and a hatched wedge is used to represent a bond that 
projects back from the paper away from the viewer. 


an imaginary plane that bisects a molecule into a pair of mirror images. 


light that oscillates in a single plane passing through the direction the light 
travels. 
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polarimeter 
polarized light 


prochirality center 


pro-R-hydrogen 


pro-S-hydrogen 


racemic mixture 
(racemic modification, 
racemate) 


R configuration 


regioselective 
relative configuration 
resolution of a racemic 


mixture 


S configuration 


specific rotation 
stereocenter 
(stereogenic center) 


stereochemistry 


stereoisomers 


stereoselective 


stereospecific 


an instrument that measures the rotation of polarized light. 
light that oscillates in only one plane. 


a carbon (bonded to two hydrogens) that will become an asymmetric 
carbon (a chirality center) if one of the hydrogens is replaced by deuterium, 


replacing this hydrogen with deuterium creates an asymmetric carbon with 
the R configuration. 


replacing this hydrogen with deuterium creates an asymmetric carbon with 
the S configuration. 


a mixture of equal amounts of a pair of enantiomers. 


after assigning relative priorities to the four groups bonded to a chirality 
center, if the lowest-priority group is on a vertical axis in a Fischer 
projection (or pointing away from the viewer in a perspective formula), an 
arrow drawn from the highest-priority group to the next highest-priority 
group goes in a clockwise direction. 


describes a reaction that leads to the preferential formation of one 
constitutional isomer over another. 


the configuration of a compound relative to the configuration of another 
compound. 


separation of a racemic mixture into the individual enantiomers. 

after assigning relative priorities to the four groups bonded to a chirality 
center, if the lowest-priority group is on a vertical axis in a Fischer 
projection (or pointing away from the viewer in a perspective formula), an 
arrow drawn from the highest-priority group to the next highest-priority 
group goes in a counterclockwise direction. 


the amount of rotation that will be caused by a compound with a 
concentration of 1.0 g/mL in a sample tube 1.0 decimeter long. 


an atom at which the interchange of two groups produces a stereoisomer. 
the field of chemistry that deals with the structure of molecules in three 
dimensions. 

isomers that differ in the way the atoms are arranged in space. 


describes a reaction that leads to the preferential formation of one 
stereoisomer over another. 


describes a reaction in which the reactant can exist as stereoisomers and 
each stereoisomeric reactant leads to a different stereoisomeric product. 


ctural isomers 
‘constitutional isomers) 
syn addition 


threo enantiomers 


trans isomer 
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molecules that have the same molecular formula but differ in the way the 
atoms are connected. 


an addition reaction in which the two added substituents add to the same 
side of the molecule. 


the pair of enantiomers with similar groups on opposite sides (in the case of 
stereoisomers with adjacent asymmetric carbons) when drawn in a Fischer 
projection. 


the isomer with substituents on the opposite sides of a cyclic structure, 
or the isomer with the hydrogens on the opposite sides of a double bond. 


Do not confuse the terms conformation and configuration. 


Conformations are different spatial arrangments of the same compound (see page 88 of the text). 
They result from rotation about single bonds. They cannot be separated. 
Some conformations are more stable than others. 


Configurational isomers are different compounds. They do not readily interconvert; bonds have to be 
token to convert one confi gurational isomer to another. 


Different Conformations 


Unstable 


Different Configurations 
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Solutions to Problems 


1. 


а. CH,CH,CH,OH CH,CHOH CH,CH,OCH, 
CH; 
b. There are seven constitutional isomers with molecular formula C 48100. 
сњ 
CH,CH,CH,CH,OH СЫСНСН;ОН CH,COH CH,CHCH;CH; 
CH; CH; OH 
CH4CH;OCH;CH; CH43OCH;CH;CH; О НОВ 
СН; 
КК. r CH, Н, Н Hat 
| Hp 
CH; H Br Cl BI—Á 
CH3CH; CH4CH, H | 
b. сн; CH d. Ж, И 
| à Br 
CHH | снуснусњу ОНЫН. и Br H 
Ke С=с cis-1,3-dibromo-  frans-1; 
н H H СН.СН.СН. cyclobutane cyclobut 


а. Е, О, J, L, М, P, О, R, 5, Z 
b. A, C, D, H, I, M, O, T, U, V, W, X, Y 


Whether B, E, and K are chiral or achiral depends on how they are drawn. For example, if B i: 
drawn with two equal loops, it is achiral; if the loops differ in size, it is chiral. 


a, c, and f have asymmetric carbons. 


Solved in the text. 


а, c, and f, because in order to be able to exist as a pair of enantiomers, the compound must ha 
an asymmetric carbon (except in the case of certain compounds with unusual structures. See 
Problem 88.) 
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Draw the first enantiomer with the groups in any order you want. Then draw the second 
enantiomer by drawing the mirror image of the first enantiomer. 


a 1. СҢ; (H; 2. CH;CH;CI CH;CH;CI 
“ iw C. С. " 
p^ 4 CH,OH HOCH") Spr снсн; Ссн; нс” cH cH, 
H H H H 
OH OH 
3. o e 
(CHCH А Са НС ^ CH(CHj, 
H H 
b. 1 CH; CH CH,CH,Cl CH,CH,Cl 
Br н | H-T[—Br H CH; снн 
CH,OH CHOH CH,CH; СН;СН; 
3. СН: CH; 
нон н-|-он 
СН(СН); СН(СН;), 
8. а. К 
b. R 
с. 


To determine the configuration, draw the structure with the fourth bond. Remember that it cannot be 
drawn between the two solid bonds. 


. Draw the structure with the fourth bond. Switch а pair so that the H is on a dotted bond. 


The configuration of the compound with the switched pair is 5. Therefore, the configuration 
of the compound given in the question is R. 


He 1 Sch. H 
DW d switch a pair AX 
— 


of substituents 
R 


The easiest way to determine whether two compounds are identical or enantiomers is to 
determine their configurations: If both are R (or both are 5), they are identical. 


If one is К and the other is 5, they are enantiomers. 


а. enantiomers b. enantiomers c. enantiomers d. enantiomers 


т" 
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10. 
a. ER No ES КО 
b. --СН-О Eo 76 — CHOH 
€ —CH(CH, —CH;CHjBr —а -- MO Y 
d. — CH=CH, — oO AD --СН; 
C attached C attached 
to 2 C's to 3 C's 
11. as b.R с. 5 d. 5 
12. 
Observed specific rotation = юре ей morton 
concentration x length 
pu] ux О Se 
concentration x length _2_ Зе 0.2 
50 
13. — a.levorotatory b. dextrorotatory 


14. а. – 24° b. 0° 
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15. а. 50% of the mixture is excess (+)-mandelic acid. 


Observed specific rotation 


tical purity = 0.50 = - 
МАУ specific rotation of the pure enantiomer 


0.50 = observed specific rotation 
| + 158° 
observed specific rotation = +79° 


b. O° (tis aracemic mixture.) 


о 


50% of the mixture is excess ( —)-mandelic acid. 


observed specific rotation = - 79° 


16. а. From the data given, you cannot determine what the configuration of naproxen is. 
b. 97% of the commercial preparation is (+)-паргохеп; 3% is a racemic mixture 
Therefore, the commercial preparation forms 98.5% (+)-naproxen and 1.5% (—)-naproxen. 


17. Solved in the text. 


18. Аз a result of the double bond, the compound has a cis isomer and a trans isomer. Because the 
compound also has an asymmetric carbon, the cis isomer can exist as a pair of enantiomers and 
the trans isomer can exist as a pair of enantiomers. 


ÇH2CH; | CHCH; 
Cu "o 
Вг” X'"CH CH" ZW 
H N „СЕ С fora Br 
/ ғ Pi \ 
H H H H 
cis enantiomers 
CH;CH; | CH;CH; 
А “С 
Вг“ \ "СН сн!" 7 ~ 
2“ Ж HL и ? d Br 
=C C= 
7 N / \ 
H СН; СН; Н 


trans enantiomers 


а. enantiomers 


b. identical compounds (Therefore, they are not isomers.) 


€. diastereomers 
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20. а. First find the sp? carbons that are bonded to four different substituents; these are the 
asymmetric carbons. Cholesterol has eight asymmetric carbons. They are indicated by 
arrows. 

b. 28 = 256 
с. Only one of the stereoisomers is found in nature. 
21. 
Cl Cl Cl CI Cl СІ Сі Сі 
А В ог С D 
CH; CH; СН; СН; 
H СІ с—[Ен на Ci H 
CH, CH, CH, CH, 
на а-н СІ — а Н Cl 
CHCH, CHCH, CH,CH, CH,CH, 
enantiomers: A and B diastereomers: A and С В and С 
C and D А аар B and D 
22. 

CH 
Ne H H, CH; CH; 3 
G—Cc “Он HOw e S Cl——H на 

СИ BPO "Cl HO H H 0] 
Н 2C 1,03 CH3CH,CH, H CH,CH,CH, СНС 

ог 
и сон Но н--а ë C--H 
Нн" x \"H HO H H О] 
С CH,CH,CH, 


CH3CH,CH, Cl 


CH,CH,CH,  CH;C 
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CH, CH, 
н--в: Вг Н 
Br С Br С CH, CH, 
AW, pus => ua а—-н 
CH,CH, CH,CH, 
Br a Br Cl Ы СН; СНз 
AN, До не 
CH, CH; 
СІ H на 
CH;CH, CH;CH; 
€ CH, H » „СНз СН; СН; 
Nc са ду: в ae 
а" \ Ya CI—]—H нс 
Н CHCH; сн;сн, H . СН.СН СН. СН 
ог 27-3 2-113 
qi Ri e. ,CHs СН; СН; 
gon “> Сен E a 
сі CH,CH, CH;CH, Cl ан на 
CH,CH, CH,CH, 
d (ев CH;CHoBr 


PARC 
CH,CH, VH 


4“ 


Н""/ “сн,сн, 
Br 
or 


Br Br 
BrCH,CH, —l-cucn, CH4CH; —|-он;сн;вг 
Н Н 


Н Н CI СІ 
Br Br Br Br 
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24. 


25. 


26. 


27. 


28. 


Chapter 5 
Cl CH; CH; 
СН; 
СІ cr 
I-chloro-1-methyl- cis-1-chloro-5-methyl- trans-1-chloro-5-methy]- 
cyclooctane cyclooctane cyclooctane 


There is more than one diastereomer for a, b, and d. 
с has only one diastereomer. 


To draw a diastereomer of a, b, or d, switch any one pair of substituents bonded to one of the 
asymmetric carbons. Because any one pair can be switched, your diastereomer won't be the same 
as the one drawn here unless you happened to switch the same pair. 


CH; CH; H 
а. н—-он с. ‘= 
/ 
H H H CH, 
CH; 
A E Ge АЕ ЄН; 
So аб 
"OS A 
CH4CH, CH; HO Н 
b, d, and f 


c and e do not have a stereoisomer that is a meso compound, because they do not have 
asymmetric carbons 


Solved in the text. 


Ы To (сна CH, CH, 
Cu, „С ог сн,сн,—}—Сн,Вг вн, СН.СН, 
BrÍCH// МҰН НУ NCH,Br H H 


CH, СН} 
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СН 
р. 3 lee CH, 


b. 
» " or ones, eno RNC ONES 
CICH,CH~ н; m G “сн,сн,а 
Н; 


СН. 
с. СНАСНСН;ОН по stereoisomers because the compound does not have ап asymmetric carbon 


d. (нен; үне Вг Вг 
С. me or снсн, —-сн,он HOCH;——cH;CH; 
"H Н" / N 
носну vu нр "chon н 
CH, 
е. ООН по stereoisomers because the compound does not have an asymmetric carbon 
Cl 
f. 5 H H, CH; CH; СН: 
D / 
с—с—=Вг Br w СС. HO H H OH 
HO. ~ / Мон Br--H H 
H -— CH; CH; H | Е 
CH; CH, . 
or 
qb Н : H- „СН: CH; СН; 
««С--С-"В: ВГС H-l—O 
Ни N / "H E с 
HO CH; CH, OH Br—]-H НВ: 
CH; СН; 
CH;CH; 
В. СН.СН 
TN. 5e H-—Cl 
у eC or H CI 
Cl CHCH; CH,CH, 


a meso compound a meso compound 


CH,CH, сн,сн; 


СН;СН; H H- CHCH; 
NE Cle S С на а---н 
ну \"Н СІ H на 


“сн,сн, CH4CH; СІ 


CH;CH, CH;CH; 
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| h а а 
| CH, CH, CH, 
на н—-а сі H 
a meso compound or 
CH, CH, CH, 
Cr С cl d на а-н н--а 
DC и CH, Cm, сң, 
а meso compound 
1. 
а а а а CH; CH; 
z E H Cl CI |н 
CH, CH, 
а-н 
а а а а ог Н | Е 
БР ee ы a MAC E 
CH; CH; 
H CI а—|-н 
CH, CH, 
с-н na 
CH,CH,CH, CH;CH;CH, 
H H CI 
J 
а CI Cl H H Cl 
H Cl СІ 
k 
Cl H H 
Cl СІ CI 
І. 1%! нл—а 
Cl СІ 


This compound does not have any asymmetric carbons, 
$0 it has only cis-trans isomers. 
Cl H 
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n. H Br 
H 7 H This compound does not have any asymmetric carbons, 
Br н 59 it has only cis-trans isomers. 
Cl Cl 
29. 
a. 
СІС̧Н, СІ d. „CERCI 
= Hw. 7 
ССН С—С... 
н"/ \ Ж ~ Н 
НО СН; СН; ОН 
(2S,3R)-1,3-dichloro-2-butanol (2R,3S)-1,3-dichloro-2-butanol 
СІСН; H H, СН-СІ 
P CI Cl p 4 
«С—С С, 
н"/ \ / \ H 
HO CH; CH, OH 
(25,38)-1,3-dichloro-2-butanol (2R,3R)-1,3-dichloro-2-butanol 
b. 
СН,СІ СН,СІ 
Н ОН Н Н 
Н CI СІ Н 
СН; СН; 
(28,3 R)-1,3-dichloro-2-butanol (2R 3 S)-1,3-dichloro-2-butanol 
СН-СІ СН,СІ 
Н ОН Н Н 
Cl H H Cl 
СН; СН, 
(28 3 S)-1,3-dichloro-2-butanol (2R 3 R)-1,3-dichloro-2-butanol 
30. 


е9 қ. 


ш ОС Сон 
NHCCHCI, 
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31. Your answer might be correct yet not look like the answers shown here. If you can get the 
answer shown here by interchanging two pairs of groups bonded to an asymmetric carbon, then 
your answer is correct. If you get the answer shown here by interchanging one pair of groups 
bonded to an asymmetric carbon, then your answer is not correct. 


СІ СН» Н 
а. L с. co c—CH,CH; 
өнү TL \ 
HOCH,CH/A X H н 4 сн, 
CH4CH, 
Br H [eer 
b. ЛА ааСнСн, d. Cin 
"d Ea Br \ 'H 
СН; Вг CH4CH; 


32. а. Because there are two asymmetric carbons, there are four possible stereoisomers. 


b. 


33. a. (2R,3R)-2,3-dichloropentane 
b. (2R,3R)-2-bromo-3-chloropentane 


c. (18,35)-1,3-cyclopentanediol (naming the compound clockwise) or 
(15,3R)-1,3-cyclopentanediol (naming the compound counterclockwise) 


d. (3R,4S)-3-chloro-4-methylhexane 


34. Solved in the text. 


35. We see that the S-alkyl halide reacts with HO- to form the S-alcohol. We were told that the 
product (the S-alcohol) is (+). We can, therefore, conclude that the (—) alcohol has the R 
configuration. 


| 36. From the structures given on page 210 of the text, you can determine the configuration of the 
asymmetric carbon in each compound. 


a.R b. R с. 5 9.5 


37. 


39. 


41. 


42. 
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Only b is true. 


Greater than 98% is excess of the S enantiomer. The remainder is a racemic mixture, 
so greater than 99% is the S enantiomer 


a. enantiotopic с. neither 


b. diastereotopic d. diastereotopic (remember that cis-trans isomers are diastereomers) 


Compound А has two stereoisomers because it has a chirality center. 
Compound B has only one stereoisomer because it does not have a chirality center. 


Compound C has a chirality center but, because of the lone pair, the two enantiomers rapidly 
interconvert, so it exists as a single compound. | 


а. по b. по с. по d. yes e. no f. no 


Only the stereoisomers of the major product of each reaction are shown. 


a. pee CHCH,CH, 


Cl СІ 
С. "С ог CH4CH;CH,; - он, СН; —|—сн,сн,сн, 
CH; CH нт 
= с ©З H H 


b. (шешен, (нон; 


он OH 
E pez s or CH,CH,CH,—|-cH, CH, CH,CH,—}-CH,CH,C! 
H H 


СН.СН, OH HO CHCH, 
с. Peas (енен, CH(CH4,  CH(CH4) 
2 VH нен or CH4CH,;CH, H н-| сньсн,сн; 
(CH3),CH CH(CH3) CH CH 
эл СН; СН; 3 3 


|" І 
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43. 


44. 


Chapter 5 
а. 
This compound does not have апу stereoisomers 
because it does not have an asymmetric carbon. 
Br 
CH; 
бн 
This compound does пої have апу stereoisomers 
© M EE because it does not have an asymmetric carbon. 
Br 
f. 
| Br CH(CH3); CH(CH;), 
“ * „С ог Вг Н + Н Вт 
"n Ним 
(CH,),CH / ~CH(CH3)3 CH 
3/2 СН; сн; 3 СН; 
а. 
апа 3 
СН; СН; СН. H 


where the methyl substituent is because hydrogen provides 


b. Hydrogen will be more likely to add to the side of the ring 
where the hydrogen substituent is than to side of the ring 
less steric hindrance than a methyl group. 


CH, CH; 


CH, CH; CH, CH, 


b. d. CH; СН; 
H OH нон | | 
+ Са Тос 
CH,CH; V'H н" ~сњсн, 
OH но 


CHCH, H H сн,сн; 


45. 


46. 
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CHCHs ССН» 
В 
CH,—CCH,CH,CH, ә BrCH,CCH;CH;CH; 
Br 
CH,CH; CH;CH; 
H 
CH;—CCH;CH;CH; xw CH3CHCH;CH;CH; 
CH,CH, x CH,CH, 
1. 
=CCH,CH,CH LÀ > НОСН,СНСН-СН-СН 
Pd 277275 — 2H0,H;0, Банан 


(* indicates an asymmetric carbon) 


Each of the reactions forms a compound with one asymmetric carbon from a compound with no 
asymmetric carbons. Therefore, each of the products is a racemic mixture. 


Because trans-2-butene forms a cyclic bromonium ion intermediate, it forms only the erythro 
enantiomers. If the reaction formed a carbocation intermediate, both the erythro pair of 
enantiomers and the threo pair of enantiomers would be formed because both syn and anti 
addition could occur. 


a тен», сна CH; CH; 
Сы. + С ог н- в: + Вг Н 
Pd XH H""/ “ен 
СН; т; Br H3 СН,СН; CH,CH, 
CH, 


b. CH4CH,CCH;CH, This compound does not 
M have an asymmetric carbon. 


c. Н» н Н СН: ү, 


қ 7 
TU Сс--С-“СН; СН; Са, Вг 
Вг г N 7 \ "Br CH; 
CH 


E 


CH,CH, CH,CH 
ыз Cae LM on осн, 


or 
сз Н H- CH, s 


ACH. СН 4 Н 
“С--С- 2 3 C=C 
п / > A NH CH 
Br CHCH, CHCH, Br 3 


mim фе 
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48. 


49. 
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d. [ue (ПЕНЕН; CH,CH, CH;CH; 
C t : or Н Br + Br H 
Рр vag н"“ “ен сн 
CH4CH; bw Br 2 3 СН;СН;СН; CH,CH,CH, 
е CH, H Н. „СН; СН; СН; 
Ев + Brc— ND: or Н Br + y? : 
B H 
Br CH,CH, CH;CH, Br : у 
CH,CH, CH,CH, 
f. lo | a CH,Br СН,Вг 
С., wc or нв: + Вг Н 
вся, VH H"/ “сн,вВг 
ICH, в; г 2 CH,CH,CH,CH, СН,СН,СН,С] 


Two different bromonium ions аге formed because Br* сап add to the double bond either 
from the top of the plane or from the bottom of the plane defined by the alkene, and the 
two bromonium ions are formed in equal amounts. Attacking the less hindered carbon of 
one bromonium ion forms one stereoisomer, while attacking the less hindered carbon of 
the other bromonium ion forms the other stereoisomer. 


Bri 
НС, ,CH;CH;CH;CH; 
— С 
Вг» н” А Ж Ni 
Br 
HC, ,CEoCH;CH;CH; ы 
/ Се Е 
H H Вг, | s Br 
ње, / N .CH,CH,CH, 


HO H апа H OH 
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H;0: 
p. mechanism of the reaction 25. H50 
* — —— M—— — — 


© n BET Br H 
50. 
a СН;СН; CH4QH, Br 
CH; Т CH " | s --CH; 
CH;CH; 
CH4CH 
b CH,CH, H pu 3 He „CHCH, СнзсН, Н 
СН. Н + 3 or СН»... —C.. " Мсн; 
NE MES EA NH Пов 
CHCH; CHCH; CH3CH, Br Br 2СН» 
у е. 
шарын Вг СН; CH; CH; 


d. 
Br CHCH снбн,Б f Q E 


СН, Вг Вг CH; CH; CHCH, CHCH, CH, 
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51. 
а. CH4CHCHjBr b. The R and 5 enantiomers will be formed in equal amounts. 
| 
Cl СН;Вг CH,Br CHBr СН,Вг 
1-bromo-2-chloropropane | + or Cl H +H СІ 
Сез, "Сх 
CH M не / “он, CH; CH; 


52. а. (R)-malate and (S)-malate (A product with one asymmetric carbon would be formed from ; 
reactant with no asymmetric carbons. Thus, the product would be a racemic mixture.) 


b. (R)-malate and (S)-malate (A product with one asymmetric carbon would be formed from 
reactant with no asymmetric carbons. Thus, the product would be a racemic mixture.) 


53. 
СЫЗ СН; 
2 stereoisomers no stereoisomers no stereoisomers no stereoisomers 
[cis and trans] 
CH3CH,C=CH, CH, CHCH; Н.С CH; 
no stereoisomers no stereoisomers no stereoisomers 3 stereoisomers 
CH, {Cis is a meso compoun 
E ( ) [Trans is a pair of enantiome 
no stereoisomers no stereoisomers 
54. 
a Н H H H 
Br Br Br Br 
Cl Cl H 
p T гы сн; сн; 
„Зен + Pom or HBr + В u 
| снзснён, pe H РА CH;CHCH; CH;CHCH; CH,CHCH 
itt, CH; > 


CH; CH; CH; 
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c H с ‘а 
Ci H H 
СІ СІ СІ 
d. СН; СН; сн; CH, 
H Br Br H Her Br H 
CH, CH, CH, CH, 
на СІ H СІ Ен на 
CH, CH, CH, CH, 
CH3CH) ,CH,CH,CH, СНзСН» H 
е. C= C= 
/ N / 
H H H CH,CH,CH, 


СН. CH; CH; CH, 
5 op Шы д 
А С Dm Mme 
Е СН; / SH Hu. CH; rx H Н DEN У 
C=C Br Br C=C и =С Вг Вг C=C 
H H H H CH; H H CH; 
CH; 


i. CH4CH XC CH;CH; No isomers are possible for this compound 
СН. 


because it does not have an asymmetric carbon. 
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j. Т CH=CH, CH=CH, 
ис. + “С ог а-н + H СІ 
“H НУ ~снесн 
CH,=CH 2 CH CH 
2 CH, CH, 3 3 
"VY уу Y 
C f Br а H на 
Н Вг 
l. H H 
Br H 
Cl Cl 


55. а. (R)-2-ethyl-4-methyl-1-hexene 
b. (E)-1-bromo-2-chloro-2-fluoro-1-iodoethene 
с. (Z)-2-bromo-1-chloro-1-fluoroethene 
d. (E)-4-(2-chloroethyl)-2,3-dimethyl-3-octene 
e. 8-bromo-2-ethyl-1-octene 
f. (E)-1,3-dibromo-4,7-dimethyl-3-octene 
g. (S)-2-methyl-1,2,5-pentanetriol 
h. (2R,3R)-3-chloro-2-pentanol 


56. | Mevacor has eight asymmetric carbons. 


57. 


58. 


a. constitutional isomers 
b. enantiomers 


c. diastereomers 


j. enantiomers 
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k. constitutional isomers 


1. enantiomers 


d. constitutional isomers (One is 3-chloro-2-pentanol and the other is 2-chloro-3-pentanol.) 


e. diastereomers 


f. constitutional isomers 


m. identical 


n. diastereomers 


g. identical (By naming them, you see that they both have the R configuration.) 


h. identical 


i. diastereomers 


1. (нен, CH;CH; 


qa ama 
Sese СІ > 
Both cis and trans give these products. 


or 


2. T OS ген, 
«va нор 9 

СНз OH нд 

Both cis and trans give these products. 

3. TECH; Сн,сн, 

C. + C or 

КАКЫ? н", м. 

CH, 22 pu CH, 


Both cis and trans give these products. 


H 


о. identical 


p. identical 


CH; 
на + 
CH,CH, 


CH; 


CH,CH, 


Br + Br 


CH, 
ан 
CH4CH; 


CH; 
H 


CH,CH, 
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4. Cis gives the threo pair. 


CH CH 
ERN » e EIE H B B H 
с—с—=Вг + Вс. or 5 r 
н"/ p a NH Br H H Br 
Br 3 3 Br CH4 СН; 
Trans gives a meso compound. 
СН; 
сн; Br 
E H Br 
«ССН or 
H' / \ Н Вг 
Br CH, CH; 
5. Cis gives the threo pair. 
Ne QH H- „сна {ш 
on 
E хо cA Br Bre сс. S 
H" Ж N / XH 
HÓ CH; сн, OH 
Trans gives the erythro pair. CH, CH, 
S Н Н, Оң; H н Н--ОН 
“С--С-<Втг Вг MDC... or H B 
HO'/ \ / \'"OH Br H r 
H CH; CH, н CH; CH; 
6.  CH4CH;CH;CH; 
Both cis and trans give this product. 
7. Tes ез СН; 
ШС“ "H + немее. ог n-on + ноа 
сі, Vu Hd со CH,CH, CH;CH; 
Both cis and trans give these products. 
8. oe pem | CH, CH, 
С. + ин ог н—Г осн, + cmoa 
cn, VH Buys CH, CH,CH CH,CH 
3 OCH,  CH40 2-73 TM 


Both cis and trans give these products. 
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b. For the cis and trans isomers to form different products, the reaction must form two new 
asymmetric carbons in the product. 
Therefore, the cis and trans alkenes form different products when they react with Bro in 


CH?2Cl2 and when they react with Br? in Н2О. 


does not have stereoisomers; it is, therefore, achiral. 


59. € 
eand h have 2 stereoisomers (cis and trans); both are achiral. 
a, d, f, i, and j have 3 stereoisomers; 2 are chiral and 1 is achiral. 
b and g have 4 stereoisomers, all of which are chiral. 

60. 


CH,CH; 


CH,CH; 
HBr 
Eb d СІ 
СН2СН; сн;сн; ,CH;CH, 
= TO 
сой "авг. "gr 


CH4CH; CH,CH, 
дон“ 
ыс” 
CH;CH; CH,CH CH 
1. 1. BH,/THE 2 3 КШ 2СНз 
2 но но HO’, H,0, 


(the H and OH are added to the same side) 


2 


CHCH; CH,CH 
2 3 


Ve B ( Í У: 
-AbD "Br | 
Вг 


"Br 


(the two Br's are added to opposite sides) 
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61. 


62. 
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a. (R)-citric acid (e has a higher priority than Со) 


b. The reaction is catalyzed Бу an enzyme. Only опе stereoisomer is formed іл an enzyme- 
catalyzed reaction because an enzyme has a chiral binding site which allows reagents to 
be delivered to only one side of the functional group of the compound. 


c. The product of the reaction will be achiral because if it doesn't have a "^C, the two 
CH3COOH groups will be identical so it will not have an asymmetric carbon. 


a. чш CH;CH;CH; 
C. “С + CH}CH,CHCH,CH; 
CHÍ X “Н + H" 4 N H | 
Y Xi а ©% Cl 
or 
CI Cl 
снзсн,сн сн; + сн, -сн;сњсн, + CH;CH;CHCH;CH; 
H H СІ 
b. (CHCH, сн,сн,сн, 


Ci C + CH.,CH,CHCH,CH 
“H + H" 4 N 3 2 | 2 3 
CH; “ е CH iR 


or 


а а 
сн,снусн,--сн, + сн;- сн,снусн, + CH,CH,CHCH;CH, 
H H 


СІ 
ОН 
Te 


сн,сн; 


y OH О CH;CH; сн,сн; 
d CH;CH, CHCH 4 OH = 


сн,сн; CH,CH, СЕН; CHCH; 


e. CH, Н.С CH; 
Cl Cl CH; 


f. p 
H 
H 
g а. (CH), CCH;CH; 
C. „С 
< Хен ну“ 
BrCH, М в/ СН,Вг 
Н 


h.CH,qH, „Н 
„C— ССН; 


Н 
i. снн; H H, 


jii peg + 
СН,СН,СН; сн;сн;сн, 


Е СН,СН, 
H 
H 


+ 1.4° _ 
+ 8.7° 
8496 is a racemic mixture 


CH4" 
H 


j CH,CH, 


H 
H 


16 z 


= 


optical purity 


100% - 16% = 


R enantiomer = 1/2 (84%) + 16% = 


ы сысы С 


42% % 16% - 
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Н.С 


= 


Сн; 


СН;В r 
H 


CH,Br 
H Br 
(CH;),CCH,CH, (CH;),CCH,CH, 


or Br 


„CHCH; qe ES СЕН; 

4 or H—-CH, сњ—н 

\"H CH—-H + н—н, 
eH CH,CH,CH, CH,CH;CH, 
CH,CH, CH4CH, сн,сн; 

| o CH-]-H , H-T-CH, 
X"CH, — cH,—]-H H—L-—CH, 
A CH,CH,CH, CH,CH,CE 


16% excess R enantiomer 


58% 
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65. 


66. 


67. 


68. 
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Use molecular models to answer this question. 


a. R 


Ру Ра a 


= 
{хс 


Butaclamol has three asymmetric carbons. It also has an asymmetric nitrogen. Thus, it has a t 


of four chirality centers. 


[2.0 dm] [0.15g/mL] 


= - 6.09 


a, b, c, e (think of a British car and ап American car), and В are chiral. 


d, f, and g are each superimposable on its mirror image. These, therefore, are achiral. 


R and S are related to (+) and (—) in that if one configuration (say, R) is (+), the other one is (- 


Because some compounds with the R configuration are (+) and some are (—), there is no way 
determine whether a particular К enantiomer is (+) or (-) without putting the compound in а 
polarimeter or going to the library to see if someone else has previously determined how it 


rotates light. 
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- н CH; CH; 
a. CHA S >. „СН; Н Вг Вг Н 
“С-С-“Ві + Вас ог + 
H' Ж N / "UH Br H H Br 
Br CH,CH, CH3CH, Br CH;CH; CHCH, 
" CH; CH; 
Ne E LS CE Br H H Br 
К >-С--Вг + Br w. i Ci or t 
Br' "A \ Br Br H H Br 
Н CHCH;  CH,CH, H CH;CH, CHCH; 
C. CH,CH, (es CH; CH, 


| aC or H Cl + Cl EE: 


d с — N 
“H H' " 
сн, V. g^ m сн,сн, Сн,сн; 


d. BrCH,CH,CH,CH; This compound does not have isomers 
i because it deos not have an asymmetric carbon. 


€ СН.СН, H CH,CH; 
о: ог H Br 
Br", N H Br 
CH;CH; 
CHCH, 
г сиси н н. CH,CH, сн;сн; CH;CH; 
с „C—C—Br + С, of H Br E Br H 
n NM "H | 
BY сњењ cH,cH, ~ Я Ек. н—|-Вг 


CH,CH; CH,CH, 


8- The initially formed carbocation is secondary. It undergoes а 1,2-methyl shift to form a 
tertiary carbocation that gives the products shown below. 


Br Br CH,CH, CHCH; 
k; N we or вг— сн; + CH,—]—Br 
(CH,),CH АСЫН; CHSCH/"/ “cH(CH,), CHCH; CHCH; 
: CH; CH; CH; 


184 Chapter 5 


h. ques (PCH; СН; СН; 
„С Do or HBr + Br 
"ug н"" 
ен, М z4 CH;CH, CH,CH, 


Both cis and trans give these products. 


; CH 
МЕ и. н-Га 
С--С-<С ог 
OU Мын на 
H 2 CH; 
a meso compound 
> сн H Н. „Сн; ҮШ ен; 
В: cC + “с. or H Cl à Cl H 
H"y \"Н Cl H H Cl 
Cl CH; CH; Cl 
Н; СН; 
k CH4CH, Н СН;СН; 
““С--С-<СН; ог Н СН; 
о н--сн 
CH;CH; 3 
CH;CH; 
l. CH4CH, Н н. CH,CH, CH5CH4 
" C—C-—CH; + СН; “сс С б СН» CH,- 
HU "H сш зн 7 d 
CH, CHCH; CH,CH, CH 
СН-СН; 
70. 
а. Тһе compound has four stereoisomers. 
CH4OH СН;ОН СН;ОН CH4OH 
H OH H OH H OH HO H 
H OH H H H OH HO H 
H OH H OH HO H H OH 
СН;ОН СН;ОН CH,OH CH,OH 


b. The first two stereoisomers are optically inactive because they are meso compounds. 


в. _ 
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CH;CH5Br не. OH HC. CHCH, 
| b. DH с aH 
a. Ж С—С іне C—C 
в NOH H/\ N Br \ 
E CH,CH,CH; Br CH-O H C Br 
72. 
a. and b. H С 
CH,CH, СН; 
ethylcyclobutane 1,1-dimethylcyclobutane 
cy | | РУ 
CH, CH, СН. Н H CH; 
cis-1,2-dimethylcyclobutane trans-1,2-dimethylcyclobutane 
H CH; 
H H 
CH; CH; 
cis-1,3-dimethylcyclobutane trans-1,3-dimethylcyclobutane 
c. 1. ethylcyclobutane 


1,1-dimethylcyclobutane 
1,2-dimethylcyclobutane 
1,3-dimethylcyclobutane 


2. a.the three isomers of 1,2-dimethylcyclobutane 
b. the two isomers of 1 ,3-dimethylcyclobutane 


3. а. 1,2-dimethylcyclobutane 
b. 1,3-dimethylcyclobutane 


4. the two trans stereoisomers of 1,2-dimethylcyclobutane 

5. all the isomers except the two trans stereoisomers of 1,2-dimethylcyclobutane 

6. cis-1,2-dimethylcyclobutane 
(Note: cis-1,3-dimethylcyclobutane is not a meso compound, because it does not 
have asymmetric carbons.) 

7. thetwo trans stereoisomers of 1,2-dimethylcyclobutane 

8. a.cis-1,3-dimethylcyclobutane and trans-],3-dimethylcyclobutane 


b. cis-1,2-dimethylcyclobutane and either of the enantiomers of 
trans- 1,2-dimethylcyclobutane 
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73. 
observed specific rotation = observed rotation 
concentration x length 
а _ o 
[«] = - = I6532 __ = —34.9° 
concentration x length 0.187 x 1 dm 
. observed specific rotation 
% optical purity = T : 5 106 
specific rotation of the pure enantiomer 
5 —34.9° 
% optical purity = х 100 
Е -39.0° 
% optical purity = 89.5% 
Ф of the (+)-isomer = “SS = 5.25% 
% ofthe(—)-isomer = 89.5 + 5.25 = 94.75 % 
74. 
а. Вг 
| Вг b . н. „СН: = СЕ 
С. ог на Сп C—C, 
C^ N"H "à EC Tn XH 
CH,CH,CH, CH;CH;CH; CH4CH; CI te 
| КГА. 
ог 
Н.С CH, н Н вг 
| € — CH,CH, CH,CH, 
H CH; СН; Н 
Н СН; Н CH; 
H CH; СН; Н 
СН-СН; CH,CH, 


75. In the transition state for amine inversion, the nitrogen atom is sp hybridized, which means it 
has bond angles of 120°. A nitrogen atom in a three-membered ring cannot achieve a 120° bon 
angle, so the amine inversion that would interconvert the enantiomers cannot occur. Therefore. 
the enantiomers can be separated. 
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The compound shown below would not be Obtained, because none of the bonds attached to 
76. C-2 were broken during the reaction. Therefore, the configuration at C-2 cannot change. 


CH; 
Br H 
H Br 
СН-СН; 


77. The fact that the optical purity is 72% means that there is 72% enantiomeric excess of the 5 
'  isomer and 28% racemic mixture. Therefore, the actual amount of the 5 isomer in the sample is 
72% + 1/2(28%) = 86%. So the amount of the R isomer in the sample is 100% - 86% = 14%. 


78. Тһе compound is not optically active because it has a center of symmetry. 
А center of symmetry is a point, and if a line is drawn to this point from an atom or group and 
the line then extended an equal distance beyond the point, the line would touch an identical atom 


or group. 
point of symmetry 
H Br 
H 
H 
Br H 
79, 
I. Sd = Н. Каш В E H m 
ы ари бін + CH3 w Св, : r " : zs 
H H 
H CH(CH3)2 (CH,),CH H 3 У 
A CH(CH3),  CH(CH;), 
Н; Н AL СН; | 
pam 4, CH, Cc. 15 тз 
не \ / \"H Н— В: ‚В H 
Br CH(CH3), (CH3).CH Br CH, H H CH; 
CH(CHy,  CH(CH,), 
H 
Bry а er Ж Вг---СН, CH,—|—Br 
PEORES ecd С—С UNE or 
сонар CO + із > CB OCHO-[-CH,* сн, осн, 
CH; CH(CH3) (CH, CH CH, CH(CH;), СН(СН;); 
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H 

Ho | 
же УТ "Te 

(CH,),CH V" CH, 7” сн 


Pt 


HBr 
—> 


Br, 


—_—— 
CH,Cl, 


à | 
Q—O 


H 


ra 


PLA "С 
(CH,),CH “CH; + СНУ "CH(CH,, 


CHCH; CH4CH 


or 


2 


сирен сын, + сис, + cnc, 


CH; 
H 
| 


CH,CH; CH,CH 


CH, 


CH(CH3), 


or 
H H 


(сну,сн—|-снусн, + снусн, 


--cucuy, 


CH; CH; 


Br Br 


1 | 
wies 


(CH,),CH is o + CH3"/ CH(CH,); 


H,CH; CH,CH, 
or 


Br Br 


(CH;),CH~]—CH,CH, + снусн,—}- 


СН(СН;), 


СН; СН; 


НЗ СҢ;, Ж 


"С-- = Br B 
Br" / С + ыы = 


1. ВНУТНЕ СҢ; H Н. 


—> 
2. HO, ЊО, ци 


Br, 
—> 
H,O Br 


у 
НО CH(CH3), (CH,),CH 


R CH; СНз, Н 
“С--С-“ОН + Honto С. 


7 


„ССН, + сн, f 


or 


H 
CH; 


„о ог 
\"н СН;——нНн 


Н 


Br СН. СН, 
Ж "ug Br CH; 
сн, СН(СН;), (CH3),CH Nu, CH(CH 


"сн; 
3)2 CH(CH 


HO—1—CH, CH,—+—0OH 


+ H CH 


OH CH(CH3), СН(СЕ 


E Br CH, 


ац 'В HO CH; 
СН, CH(CH3); (CH,),CH NE 


CH(CH;), 


H 

Мр. Вг 

* cg, -L-on 
CH(CH3)5 
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Cl Cl 


This is a pair of enantiomers 
because they are 
nonsuperimposable 

mitror images. 


This is the most stable isomer 
because, since the chloro 

C] substituents are all trans to 
each other, they can all be in 
the more stable equatorial position. 
(There is less steric strain when a 
substituent is in the equatorial position.) 


81. Yes. 


82. А six-membered ring is too small to accommodate a trans double bond, but a ten-membered ring 
is large enough to accommodate a trans double bond. 


Ген trans double bond 


a ten-membered rin а siX-sided structure 
Б with a trans double bond 
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83. Because fumarate is the trans isomer and it forms an erythro product, the enzyme must cat; 
an anti addition of D20. 


І 84. 
ҮН; сн; сн; 
СН Вг Ha H er 
| НВг 
CH, —^ СН, + СН, 
Вг -þu Br —н Br +H 
CH, CH, СН; 
(S)-4-bromo-1-pentene (2R,45)-2,4-dibromopentane (25,45)-2,4-dibromopentane 
bud optically active 
(25 :4R)-24-dibromopentane 
optically inactive 
meso compound 
or 
CH=CH, Br Br Br Br 
Q HBr 5 : 5 
cu A "H ? Tw m * а а 
Вг 


(S)-4-bromo-1-pentene 


The configuration at C-4 does not change, because no bonds to this carbon are broken. 

The new asymmetric carbon at C-2 can have either the К or the § configuration. 

The product with C-2 in the К configuration has а plane of symmetry; therefore, it is achiral 
(optically inactive). 


The product with C-2 in the 5 configuration does not have a plane of symmetry; therefore, it i 
chiral (optically active). 


85. We can determine that (2-1,4-dichloro-2-methylbutane has the 5 configuration because in the 
process of forming it from (S)-(+)-1-chloro-2-methylbutane, no bonds to the asymmetric carb 
are broken. Therefore, the configuration of the asymmetric carbon is known. 


Сн, (C H2CH;CI 
3 Cl 
C ОР 'H > a ЕТ ІН 
СІСН, СН; СІСН, СН; 
S-configuration S-configuration 
86. 
R S R 
a О b. M CH, с. TH 
„CHCH; "ен 


CH О ""uBr 
? H 
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The trans compound exits as a pair of enantiomers. 


H 
C(CH3)3 
H H 
CH; 
С(СН,) 
(СНз); H4C H 
H H C(CH 
more stable (Но 
Н 
3 
(СНС 
373 H 
CH 
H CH; (СНС 
С Н 
(СНз); more stable 


As а result of ring-flip, each enantiomer Ваз two chair conformations. 
In each case, the more stable conformation is the one with the larger group 
(the tert-butyl group) in the equatorial position. 


88. а. The compounds do not have any asymmetric carbons. 


b. 1. is not chiral. 
2. is chiral. Because of its unusual geometry, it is a chiral molecule, even though it does not 
have any asymmetric carbons, because it cannot be superimposed on its mirror image. 
This will be easier to understand if you build models. 


HL H | H, > 
N р 2 
1. c=C=C С--С--С 
/ % i « N 
H H | Н Н 
Inirror 
І Н, Н 
| foe 
| HC CH, 
Итог 


MISCO — H9 


NM 
| 1 0 5 3 
83 © | Chapter 5 Practice Test 


llowing compounds identical or a pair of enantiomers? 


H CH; b. СС: CH, 
CH4CH CH,OH H CH,CH, | 
CH; 2 CH; СІ Н 2CH, 
2. 30 mL of a solution containing 2.4 g of a compound rotates the plane of polarized light ~0,4g° it 
a polarimeter with a 2 decimeter sample tube. What is the specific rotation of the compound? 
3. Which аге meso compounds? 
СН; СН; СН; СН; СН; 
Н СІ Н СІ Вг СІ Н СІ СІ Н 
Н СІ СІ Н Вг СІ Н СІ Н СІ 
CHCH; CH,),CH; CH4CI СН; СН; 
4. Draw the constitutional isomers with molecular formula СаНост. 
5. Draw the stereoisomers of: 
a. 2,3-dibromobutane b. 2,3-dibromopentane 
6. Give the stereochemis 


try of the products that would be obtained from each of the following 
reactions: 


a. l-butene + HC] €. trans-3-hexene + Br; 


b. 2-pentene + HBr d. trans-3-heptene + Bro 


R-(—)-2-methyl-1-butanol can be oxi 
the b 


dized to (4)-2-methylbutanoic acid without breaking any of 
onds to the asymmetric carbon. What is the configuration of (—)-2-methylbutanoic acid? 


re oe 

С., C. 

CH; X"H CHS X"H 
CH,CH, 

(+)-2-methylbutanoic acid 


CH;CH; 
(R)-(-)-2-methyl-1-butanol 


Chapter 5 193 


What stereoisomers would be obtained from each of the following reactions? 


CH,Cl, Pt 


Н.С СН; H4C CH, 
Br. H 
b. — - d. 2 
P CHCl, a) Pt 
HC CHCH; Н.С сн;сн; 


Which of the following have the К configuration? 


H СН; CH,CH,Br OH 
CH,CH, - ев, снусн,--н CH4CH, cn, суси, сн, 

Br OH Br H 

СНВ сн, єн, CHACHCH; 

С 
C. “С "С сул 
= Хн H"/ “сн,сн, СНзО"И “сн,сн / ~CH=CH, 
СН; iw HO 23 H 27-543 Н 


Draw a diastereomer of the following compound: 


Ci Cl 


Indicate whether each of the following statements is true or false: 

a. Diastereomers have the same melting points. 

b. The addition of HBr to 3-methyl-2-pentene is a stereospecific reaction. 
с. The addition of HBr to 3-methyl-2-pentene is a stereoselective reaction. 
d. The addition of HBr to 3-methyl-2-pentene is a regioselective reaction. 
е. Meso compounds do not rotate polarized light. 


f. 2,3-Dichloropentane has a stereoisomer that is a meso compound. 


d d ч Hi d dH = 
tT ттт nm "d 


в. All chiral compounds with the К configuration are dextrorotatory. 


h. A compound with three asymmetric carbons can have a maximum of nine 
Stereoisomers. T F 
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Reactions of Alkynes * Introduction to Multistep Synthesis 


Important Terms 


acetylide ion 


aldehyde 


alkylation reaction 
alkyne 


carbonyl group 


enol 


geminal dihalide 


internal alkyne 


keto-enol tautomers 


ketone 


pi-complex 


polymer 


radical anion 


the conjugate base of a terminal alkyne 


ВС=С” 


а compound with a carbonyl group that is bonded to an alkyl group and к 
hydrogen (or bonded to two hydrogens). 


à reaction that adds an alkyl group to a reactant. 
a hydrocarbon that contains a triple bond. 
a carbon doubly bonded to an oxygen. 
О 
|| 
a о 


an o, -unsaturated alcohol. 


oH 


Же 


а compound with two halogen atoms bonded to the same carbon. 


an alkyne with its triple bond not at the end of the carbon chain. 


a ketone and its isomeric o, f--unsaturated alcohol. 


П js 
RCH,CR = RCH=CR 
keto enol 


a compound with a carbonyl group that is bonded to two alkyl groups. 


a complex formed between an electrophile and a triple bond. 


a large molecule made by linking up many small molecules called 
monomers. 


a species with a negative charge and an unpaired electron. 


retrosynthetic analysis 
"etrosynthesis 
tautomerization 


tautomers 


terminal alkyne 
vinylic cation 


vinylic radical 


Chapter 6 195 


working backward (on paper) from a target molecule to available starting 
materials. 
interconversion of tautomers. 


isomers that are in radpid equilibrium. The keto and enol tautomers differ 
in the location of a double bond and a hydrogen. 


an alkyne with its triple bond at the end of the carbon chain. 
a compound with a positive charge on a vinylic carbon. 


a compound with an unpaired electron on a vinylic carbon. 
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Solutions to Problems 


The molecular formula of a noncyclic hydrocarbon with 14 carbons and по л bonds is 
C14H30 (СиН2л+2). 

Because a compound has two fewer hydrogens for every ring and л bond, a compound with or 
ring and 4 x bonds (2 triple bonds) would have 10 fewer hydrogens than the СиН2и+2 formul; 
Thus, the molecular formula of is C14H29. 


5н 
а. CICH,CH,C=CCH,CH, с. новом е. сесси 
Em СН; СҢ; 
in а. HCzCCH;CI f. CH,C=CCH, 
HC=CCH,CH,CH,CH; CH,C=CCH,CH,CH3; CH,CH,C=CCH,CH, 
1-hexyne 2-hexyne 3-hexyne 
butylacetylene methylpropylacetylene diethylacetylene 
CH3CH,CHC=CH ВЕЗАНО ОН саса 
CH; CH; CH; 
3-methyl-1-pentyne 4-methyl-1-pentyne 4-methyl-2-pentyne 
sec-butylacetylene isobutylacetylene isopropylmethylacetylene 
a | 
тев 
СН; 
3,3-dimethyl-1-butyne 
tert-butylacetylene 
a. 5-bromo-2-pentyne c. 1-methoxy-2-pentyne 
b. 6-bromo-2-chloro-4-octyne d. 3-ethyl-1-hexyne 


Alkyl substituents that are bonded to sp carbons stabilize the compound by 


hyperconjugation—just as alkyl substituents that are bonded to sp? carbons stabilize alkenes 
(Section 4.11). 

Therefore, an internal alkyne is more stable than a terminal alkyne because an internal alkyne 
has two alkyl substituents bonded to the sp carbons, whereas a terminal alkyne has only one 
alkyl substituent bonded to an sp carbon. 
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а. sp^-sp? d. sp-sp? g. sp2—sp3 
b. sp2-sp? e. Sp-sp h. sp-sp? 
с. sp-sp? f. 5р2—5р2 i. 5р2-5р 


7 The less stable reactant will be the more reactive reactant, if the less stable reactant has the more 
і stable transition state and the difference in the stabilities of the reactants is less than the 
difference in the stabilities of the transition states, or if the less stable reactant has the less stable 
transition state and the difference in the stabilities of the reactants is greater than the difference 
in the stabilities of the transition states. 


8. 
г 
а. BrCH—CHCH; d. агаве 
Вг 
НЫ 
b. CH а. e. СЕЗОНОВ 
Вг Br 
pr Гу Pr 
с. нев f. CH,CCH;CH;CH; * CH;CH;CCH;CH, 
Br Br Br 
9, 
a. Н.С Br b. Н.С Br Н.С CH; 
` / \ / ` / 
С=с С=с + С=С 
/ ` / \ ГА \ 
Вг СН; Н СН; Н Вг 
Only anti addition occurs, Both anti and syn addition can 
because the intermediate is occur, because the intermediate 
a cyclic bromonium ion. is a radical. 


10. Because the alkyne is not symmetrical, two ketones will be obtained. 


| | 
CH;CH,CCH,CH,CH,CH, аа | CH,CH;CH,CCH,CH,CH, 
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11. 
a. CH,C=CH b. CH;CH,C=CCH,CH, с. HC=C 
The best answer for "b" is 3-hexyne, because it would form only 
the desired ketone. 2-Hexyne would form two different ketones, 
so only half of the product would be the desired ketone. 
12. 
үш Because the ketone has identical substituents bonded to the 
a. CH,=CCH, carbonyl carbon, it has only one enol tautomer. 
ү он 
b. CH,CH—CCH;CH;CH, and CH,;CH,C=CHCH,CH, E and Z isomers are 
possible for each of 
these enols. 
m Он H ,CHaCH;CH; 
„С —C с=с. 
Н.С CH;CH;CH; Н.С = OH 
HOS Ж НО CH;CH; 
С=с С=с 
СН.СН, СН;СН; CHCH, H 
E Z 
OH OH 
К Ек "E е Because each enol has indentical 
СНҙ-- a 3 groups on one of its sp2 carbons, 
E and Z isomers are not possible 
for either one. 
13. 


a. 


с. 


li 
(1) CH,CH,CCH, 
О 


| 
(2) CH,;CH,CH,CH 


| || 
b. (1) СЊСЊССН, 


| 
(2) CH,CH;CCH, 


il 

and CH;CH,CCH,CH, 
? 

and CH4CH,CCH;CH, 


|| 
(1) снұ,сн,сн;Ссн; 


| 
(2) CH,CH,CH,CCH, 


major product because 
there is less steric hindrance 
to addition of BH; at the 2-position 
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Ethyne (acetylene) 


An alkyne can form an aldehyde only if the OH group adds to a terminal sp carbon. When water 
adds to a terminal alkyne, the proton adds to the terminal sp carbon. Therefore, the only way the 
OH group can add to a terminal sp carbon is if there are two terminal sp carbons in the alkyne. 
In other words, the alkyne must be ethyne. 


a. CH;CH,CH,C=CH Or CH,CH,C=CCH; —— CH3CH;CH;CH4CH; 


1-репіупе 2-pentyne 
CH 
_ Р А ye 
b. CH,;,C=CCH, lud ал ут 
2-butyne catalyst H H 
H 
Na ЧИНУ 
с. CH3;CH,C=CCH, Но С=С 
2-pentyne ig H CH; 
d. CH,CH,CH,CH,C=cH —№> or М сн,сн,сн,сн,сн-сн, 
Cheryne Lindlar МН; 
y catalyst 


The base used to remove a proton must be stronger than the base that is formed as a result of 
proton removal. A terminal alkyne has a рКа - 25. Therefore, the base used to remove a proton 


from a terminal alkyne must be a stronger base than the terminal alkyne. In other words, any 
base whose conjugate acid has a рКа greater than 25 can be used. 


T | 2 3 
The electronegativities of carbon atoms decrease in the order: sp > sp” > sp’. 
The more electronegative the carbon atom, the less stable it will be with a positive charge. 


+ + 
а. CH4CH; b. H,C=CH 


The reaction will not favor products because the carbanion that would be formed is a stronger 
base than the amide ion. (Recall that the equilibrium favors reaction of the strong and formation 
of the weak; Section 1.17) 
CH;CH; + NH, <= CH;CH, + NH, 
weaker acid weaker base stronger base stronger acid 
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19. 


20. 


21. 


22. 
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a. CH,CH;CH,CH, > CH;CH,CH=CH > CH,CH;CmC 


b NH, > СН.С=б > СЊСЊО > F7 


Solved in the text. 


1. NH, 
a HC=CH — —L— —» CH,CH,CH,C=CH 
2. CH3CH,CH,Br 
L'NH Н» /Lindlar catalyst 
b. HC=CH ---%»- сњсесн ----»- CH,CH-CH, 
2. СН,Вг Na/NH, liq 
1. NH 1. NH; H, Н.С CH 
е. HC=CH ——& CH,C=CH ——— CH,C=CCH, --2- "e 47 
СН.Вг 2. СН;Вг Lindlar / ` 
catalyst Н H 
1. disiamylb | 
d. productofa Eher адаи CH4CH,CH;CH,CH 


—Ó———— 
2. НО, Н,О,, H,O 


e. product of b BI NE CH3CHCH,; 
Br 
t HC=CH 2 Мо. снус=сн Н снуссн, 
2. CH3Br e 
СІ СІ 
а. CH,CHACCH, b. CH,CH,CH,CCH,CH, 
C СІ 
СІ СІ 
с. CH,CH,CH;CCH;CH,CH; * снусн,ссн,сн,сн,сн, 
Cl СІ 


а. CH,C=CCH,CH,CH, 

b. CH3CH,C=CCHCH,CH,CH, 
CH;CH, 

с. СН.СЕСН 


d. CH,=CHC=CH 


е. CH,OC=CH 
CH, CH; 

f. CH,CC=CCHCH,CH, 
Сн, 


POON 


+ өз = 
CH,CH;C-CH, + :@: 
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6. BrC=CCH,CH,CH, 

h. HC=CCH,Br 

i. CH,;CH,C=CCH,CH, 
CH, CH, 

j сњссесссн, 
CH, CH, 


k. OS 


CH; 
1. CH;C=CCH,CHCHCH, 
CH; 


T^ — СН;СН;С--СН, 
electrophile nucleophile : à : 
+ — 
СН.С=СН + H-Br ---»> CH;C=CH, + Вг 
nucleophile electrophile 
шшш d + “NH, —— CHCC: + NH; 
electrophile nucleophile 


25. a. 5-bromo-2-hexyne 


b. 5-methyl-2-octyne 


d. 6-chloro-2-methyl-3-heptyne 


с. 5,5-dimethyl-2-hexyne 


то : И] 
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26. 


27. 


28. 
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1. Н, / Lindlar catalyst 
or Na/NH, 
RCH,CH; 2. HBr + peroxide RCH,CH,Br 
excess a 
RCH=CH, А Pd/C ДА 
Зи 1. Н, / Lindlar catalyst 
H; / Lindlar DN or Ai 
or Na/NH, 
zi Ж | 
RECH, 27, ехсезз НВг wa shes, 
Br у 
кешуш l.disiamylborane 
RC=CH, A HOE: eel 
Br 
а. 4-methyl-2-hexyne с. correct 


b. 7-bromo-3-heptyne 


HC=CCH,CH,CH,CH,CH, 
1-һеріупе 
pentylacetylene 


CH3CH,CH,CHC= CH 
CH, 
3-methyl-1-hexyne 


CH;CH,CHC=CCH;, 
CH, 
4-methyl-2-hexyne 
sec-butylmethylacetylene 
CH; 
CH,CC=CCH, 
Сн, 
4,4-dimethyl-2-pentyne 
tert-butylmethylacetylene 


d. 2-pentyne 


CH3C=CCH,CH,CH,CH, 
2-heptyne 
butylmethylacetylene 


CH;CH,CHCH,C=CH 


CH; 
4-methyl-1-hexyne 


CH;CHCH,C=CCH, 
єн, 
5-methyl-2-hexyne 
isobutylmethylacetylene 
СН; 
НЕОН 


CH; 
4,4-dimethyl- 1-pentyne 
neopentylacetylene 


CH3CH,C=CCH,CH,CH, 
3-heptyne 
ethylpropylacetylene 


CH;CHCH,CH,C=CH 
CH, 


5-тету!-1-ћехупе 
isopentylacetylene 


ариев, 
CH; 
2-methyl-3-hexyne 
ethylisopropylacetylene 
и 
ОВЕНА САОН 
СН; 
3,4-dimethyl-1-pentyne 
neohexylacetylene 
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CH; 
CHICHCHCeCH 
CH; 
3,4-dimethyl-1-pentyne 


29. 
1. disiamylborane || 
A CH,CH,C=CH = Н;СН-СН Н 
а СН; 2 2 2. НО: H,O, C 3C 2C 2СН,С 
b. сњенснесн, ВНЗ CH;CH,CH,CH,OH 
р = — > 
зе») 2 2. НО; Н,0, 31201501) 
H,SO || 
с. CH3CH,CH,C=CCH,CH,CH, +Но — xs CH3CH)CH,CCH,CH,CH,CH, 
This symmetrical alkyne will give the greatest yield of the desired ketone. 
Because the reactant is not a terminal alkyne, the reaction can take place 
without the mercuric ion catalyst. | 
peroxide 
d. CH3CH,CH,CH=CH, + НВг ———» CH3CH,CH,CH,CH,Br 
30. а. Ho/Lindlar Catalyst b. Na, NH3 с. excess H>/Pt 


Jl. The molecular formula of the hydrocarbon is C32Hs6. 
CnH2n+2 = C32H66 


With one triple bond, two double bonds, and one ring, the degree of unsaturation is 5. 
Therefore, the compound is missing 10 hydrogens from СиН?2и-2. 
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32. 


33. 


34. 


оон 


а. 
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а. CH;—CCH, 
Br 
Br 
b. снҙссн; 
Вг 


с. BrCH=CCH; 
Br 
Вг Вг 
d. BrCHCCH; 
Br 


а. CH;CH=CCH; 
Br 
Br 
b. CH3CH,CCH; 
Br 
Br 
с. CH3¢==CCH; 
Br 
Br Br 
4. CH3C—CCH; 
Br Br 


CH; 


OH 


1. CH;CHC=CH 


e 


[ 
e. CH,CCH, 


i 
f. CH,CH,CH 


& BrCH=CHCH, 


h. CH,CH;CH; 


| 
СН.ССН.СН; 

| 
CH4CCH;CH, 
CH,C--CHCH; 


Br 


CH;CH;CH;CH, 


NH, 


Hs CH; 


i. СН.СН=ЕСН, 


j сњен=ен, 


К. CH,C=C™ 


|. CHyC=CCH,CH,CH,CH,CH, 


Н.С „СНз 
1 C=C 
/ \ 
Н Н 
Н 
„СНз 
j c= 
/ № 
Н.С Н 


К. по reaction 


1. no reaction 


a H 
> CH,CHCzCCH, ---2»- CH;CHCH--CHCH; 
r 


Lindlar 


catalyst CH; 


H,O 
H5SO, 


H 


! + + 
CH,CCH,CH,CH, 4 CH,CCH,CH,CH, <— CH;CCHCH;CH, 


CH, 


| 
СН, 


CH; 
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2. 4-methyl-2-pentanol can be prepared by the same synthesis used to prepare 
2-methyl-2-pentanol (see below), or it can be prepared using hydroboration- 
oxidation instead of hydration. 


| H 
CH;CHC=CH 7— —3- CH;CHC=CCH, — 2» CH,CHCH=CHCH, 
| 2. CH3Br І Lindlar | 
CH; CH; catalyst CH; 


OH 
CH3CHCH,CHCH, 
CH; 
b. 4-Methyl-2-pentanol also will be obtained from "1" because in the third step of the synthesis, 
the proton can add to either of the sp? hybridized carbons. 


(Some 2-methyl-3-pentanol may be obtained if the nucleophile reacts with the secondary 
carbocation before rearrangement to the more stable tertiary carbocation takes place.) 


OH OH 
CH3CHCH,CHCH, CH3CHCHCH,CH; 
CH; CH; 
4-methyl-2-pentanol 2-methyl-3-pentanol 


2-Methyl-3-pentanol also will be obtained from "2" because in the third step of the synthesis, 


boron can add to either of the sp? hybridized carbons. Because a carbocation is not formed 
as an intermediate, a carbocation rearrangement cannot occur. 


OH 
CH;CHCHCH;CH, 
CH; 
2-methyl-3-pentanol 


35. а. 3-heptyne с. correct e. correct 


b. 5-methyl-3-heptyne d. 6,7-dimethyl-3-octyne f. correct 


36. only c and e are keto-enol tautomers. 
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37. 


H,O, Н,50, 
HgSO, 


a. HC=CH 


1. NaNH, 
b. HC=CH 


1. NaNH, 


с. HC=CH ---»- 


2. СН.Вг 


1. NaNH 
d. HC=CH --%- 
2. CH3Br 


1. NaNH, 


e HC=CH ------- 
2. СН,Вг 


NaNH, 


f. =CH —————3 


——— 
2. CH,CH5Br 


О 
|| 
enol 


H 
CH;CH,C=CH ——*» CH,CH,CH=CH, 
Lindlar 


catalyst Bra crc 
CH;CH;CHCHBr 
Br 
H,O, H5SO Т 
HCmCCH, 22 
pee H4CCH; 
1. NaNH; 
HC =CCH, ————— ве СН.СЕССН.СН, 
2. CH,CHjBr 
Na хн, 
Ao. 
1. NaNH, 
2. CH4CHjBr 
H | ау: 
24 catalyst 


DP 


1. NaNH; 
HC=CCH, CH,C=CCH,CH; 
2. CH4CHjBr 
н арас 
„мыч 


39. 


40. 
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а. Syn addition of H2 forms cis-2-butene. And when Br» adds to cis-2-butene, the threo pair of 
enantiomers is formed. 


СН; СН; 
Н Вг Вг Н 
Br H H Br 
CH; CH; 


b. Reaction with sodium and liquid ammonia forms trans-2-butene. And when Br» adds to trans- 
2-butene, a meso compound is formed. 


c. Anti addition of Cl? forms trans-2,3-dichloro-2-butene. And when Вг? adds to trans-2,3- 
dichloro-2-butene, a meso compound is formed. 


CH; 
Cl Br 
Cl Br 

СН; 


О 
|| 


О О 
Il 
a. CH3CH,CCH, b. CH;CH,CH,CCH, с. { у= d. ( Yen 


1. NaNH; 


а. НС=ЕСН --------->- Ж 
E 2. СНҘСН;СН;СН,Вг CH4CH;CH;CH;Cz CH 


H,O 
H5S ae. 


О 
| 
CH,CH,CH,CH,CCH; 
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Н, 
Lindlar 
1. NaNH talyst 
b. HC=CH — =  CH,CH,CECH 3%. ë CH.CH,CH—CH, 
2. CH4CH5Br or | 
Na/NH, liq 
HBr 
CH,CH;CHCH, 
Br 
Н; 
Lindlar 
1. NaNH talyst 
с. HC=CH -----2-->- CH,CH,CH,C=CH 442%. CH,CH,CH,CH=CH, 
2. CH3;CH,CH,Br or | 
Ма/ХН; На H,O 
Н,50, 
CH;CH,CH,CHCH, 
OH 


O 

ПИС || 

а. ( у—с=сн 1. disiamylborane (Y CHCH 
2. HO; H0; 
H,O, H5SO, i 

5 C=CH ——— E 
| * HgSO, C ш. 
А = =< 
f Ta: CCH, TE anc ey 


catalyst 


41. She can make 3-octyne by using 1-ћехупе instead of 1-butyne. She would then need to use eth) 
bromide (instead of butyl bromide) for the alkylation step: 


1. NaNH, 
CH,CH,CH,CH,C=CH — —— —Àá» CH; CH,CH,CH,C=CCH,CH, 
2. CH4CH5Br 
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Or she could make the 1-butyne she needed by alkylating ethyne: 
1. NaNH, 


HC=CH — 2> 
2. CH4CH5Br 


CH;CH,C=CH 
1. NaNH,\ 2. CH;CH,CH,CH,Br 


CH;CH,CH,CH,C=CCH,CH, 


42, а. Only one product is obtained from the hydroboration-oxidation of 2 
alkyne is symmetrical. Two different products can be obtained fro 
of asymmetrical 2-pentyne. 


-butyne because the 
m hydroboration-oxidation 


CH,C=CCH, CH,C=CCH,CH, 
1. BH, THF 1. BH, THF 
2. HO, H,0,, H20 2. HO, Н2О,, H,0 
Т || || 
CH4CH;CCH, CH3CCH,CH3CH, + CH;3CH;CCH;CH; 


b. Only one product will be obtained from h 


ydroboration-oxidation of any symmetrical alkyne, 
such as ethyne, 3-hexyne, and 4-octyne. 


HC=CH = CH,CH;CECCH;CH, — CH;CH,CH,C=CCH,CH,CH, 


ethyne 3-hexyne 4-octyne | 


43, 


a. The first step forms a trans alkene. S 
enantiomers, ` 


yn addition to a trans alkene forms the threo pair of 


mu ' 
" LE 208 


44. 
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b. The first step forms a cis alkene. Syn addition to a cis alkene forms the erythro pair of 
enantiomers, but since each asymmetric carbon is bonded to the same four groups, the 
product is a meso compound. 


CH,CH, 


There are two reasons why hyperconjugation is less effective in stabilizing a positive charge on 
vinylic cation than a positive charge on an alkyl cation. 


First, an 5р2-5 bond is stronger than an sp3-s bond, so the sp? orbitals are less able to donate 
electron density to the adjacent positively charge carbon. 


Second, an sp? carbon has 120° bond angles compared to the 109.5? bond angles of an sp? 


carbon, so the orbitals of an sp? carbon are farther away, which makes them less able to interac 
with the positively charged carbon. 


s ES 
+ 
H—C-C с=С—н 
| N 
H H H 
an alkyl cation a vinylic cation 
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Chapter 6 Practice Test 


і - — What reagents could be used to convert the given starting material into the desired product? 


О 
|| 
Н Н 
\ / 
» Z 5-сесен, --- (сес, 


2. Draw the enol tautomer of the following compound: 
О 


3. Give the structure of sec-butyl isobutyl acetylene. 


4. Indicate whether each of the following statements is true or false: 


a. A terminal alkyne is more stable than an internal alkyne. T F 
b. Propyne is more reactive than propene toward reaction with HBr. T F 
с. 1-Butyne is more acidic than 1-butene. T F 


d. An sp? hybridized carbon is more electronegative than an sp? hybridized 
carbon. T F 


5. Give the systematic name for the following compound: 


CH;CHCECCH;CH)Br 
CH; 
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6. What alkyne would be the best reagent to use for the synthesis of the following ketone? 
|| 
CH,CH,CH,CCH, 
7. Rank the following compounds in order of decreasing acidity: 


(Label the most acidic compound #1.) 


NH, СНзС=СН CH4CH4 H,0 CH4CH-—CH; 

8. Give an example of a ketone that has two enol tautomers. 

9. Show how the target molecules could be prepared from the given starting materials. 
а. CH,CH,C=CH —^ CH4CH;CH;CH;CH;CH; 
b. СН;СН;С-еСН — CH4CH;CH;CH5Br 


|| 
с. CH,CH,C=CH — CH4CH;CCH;CH,;CH; 


НАРТЕК 7 
Electron Delocalization and Resonance * More About Molecular Orbital Theory 


Important Terms 


allylic carbon a carbon adjacent to an sp? carbon of a carbon-carbon double bond. 

allylic cation a compound with a positive charge on an allylic carbon. 

antibonding 7% molecular the molecular orbital formed by side-to-side overlapping of out-of-phase 

orbital p orbitals, 

antibonding 0% molecular the molecular orbital formed by the overlap of out-of-phase orbitals with 

orbital some s character. 

aromatic compound compounds that are unusually stable because of large delocalization 
energies (see Section 15.1). 

asymmetric molecular a fully asymmetric molecular orbital is one that does not have a plane of 

orbital symmetry but would have if one half of the MO were turned upside down. 

benzylic carbon a carbon, joined to other atoms by single bonds, that is bonded to a benzene 
ring. 

benzylic cation a compound with a positive charge on a benzylic carbon. 

bonding 7 molecula the molecular orbital formed by side-to-side overlapping of in-phase 

orbital | p orbitals. 

bonding o molecular the molecular orbital formed by the overlap of in-phase orbitals with 

orbital some s character. 

contributing resonance a structure with localized electrons that approximates the true structure of 

Structure a compound with delocalized electrons. 

delocalization energy the extra stability associated with a compound as a result of having 

(resonance energy) delocalized electrons. 

delocalized electrons electrons that are not localized on a single atom or between two atoms. 

electron delocalization the sharing of electrons by more than two atoms. 

highest occupied molecular the highest energy molecular orbital that contains electrons. 

orbital (HOMO) 

linear combination of the combination of atomic orbitals to produce molecular orbitals. 

molecular orbitals (LCAO) 

localized electrons electrons that are restricted to a particular locality. 

lowest unoccupied the lowest energy molecular orbital that does not contain an electron. 

molecular orbital 

(LUMO) 
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nonbonding molecular 
orbital 

resonance 


resonance contributor 
(resonance structure) 


resonance electron 
donation 


resonance energy 
(delocalization energy) 


resonance hybrid 


separated charges 


resonance structure 
(resonance contributor) 


symmetric molecular 
orbital 


because the p orbitals are tóo far apart to overlap significantly, the 
molecular orbital that results neither favors nor disfavors bonding. 


electron delocalization. 


a structure with localized electrons that approximates the true structure c 
a compound with delocalized electrons. 


donation of electrons by electron delocalization. 
the extra stability associated with a compound as a result of having 
delocalized electrons. 


the actual structure of a compound with delocalized electrons; it is 
represented by two or more structures with localized electrons. 


a positive and a negative charge that can be neutralized by the movemer 
of electrons. 


a structure with localized electrons that approximates the true structure : 
a compound with delocalized electrons. 


an orbital with a plane of symmetry so that one half is the mirror image 
the other half. 


T "Solutions to Problems 


1. а. 1. If stereoisomers are not included, 3 different monosubstituted compounds can be formed. 


с. 
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If stereoisomers are included, four different monosubstituted compounds can be formed 
because the second listed compound has an asymmetric carbon. 


BrC=CC=CCH,CH, НС=СС па a 
Вг 


HC=CC=CCH,CH,Br 


2. If stereoisomers are not included, 2 different monosubstituted compounds can be formed. 


If stereoisomers are included, three different monosubstituted compounds can be formed 
because the first compound has a double bond that can have cis-trans isomers. 


BrCH=CHC =CCH=CH, CH, ee 
Br 


b. 1. Ignoring stereoisomers, 5 different disubstituted compounds can be formed. 


BrC=CC=CCHCH; BrC=CC=CCH,CH,Br HC=CC=CCHCH,Br 


Br Br Br 
НСЕСС od HCzzCC Preto Hes 
Br Br 


2. Ignoring stereoisomers, 5 different disubstituted compounds can be formed. 


BCH = C=CCH CH, УНИ сн; BrCH=CHC=CCH=CHBr 


Br Br 
VEO s eb BIC-CHCECCH-CH, 


Br Br Br 


1. Three of the five different disubstituted compounds have an asymmetric carbon. 


BrC=CC НО HC=cc о HBI 


В: 
Each of the comp 
Therefore, 8 dis 


НС=СС —CCHCHjBr 


Br Br 
ounds with an asymmetric carbon can have the R or the S confi guration. 
ubstituted products are possible: (2x 3) + 2 compounds without an 


asymmetric carbon. 


2. Two of the five disubstituted compounds do not have cis-trans isomers. 


CH,=CC=CC=CH, BrC=CHC=CCH=CH, 
Bro Br Br 
Two of the five disubstituted compounds have a pair of cis-trans isomers. 
So УНА НИ ОН; 


Вг Вг 


One of the five disubstituted compounds has two pairs of cis-trans isomers. 
BrCH=CHC=CCH=CHBr 


Therefore, 10 disubstituted compounds are possible. 
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|. 2. Ladenburg benzene is a better proposal. It would form 1 monosubstituted compound, three 
disubstituted compounds, and would not add Br», all in accordance with what early Chemists 


7 knew about the Structure of benzene. 


H y В Қаш и NU EP DM 

а, «Құ, A. 2 
Н Н Н Вг 

Dewar benzene is not in accordance with what early chemists knew about the Structure of 


benzene, because it would form two monosubstituted compounds, 6 disubstituted compounds, 
and it would add Вг). 


Вг Br Br 
| | ФС (D 
cy T Br Br 
XD Br. T 
Br 


Br 


Ф 


Вг 


3. а. From examination of the contributing resonance structures in Figure 7.4 on page 271 of the 
text, one can conclude that all the carbon-oxygen bonds in the carbonate ion should be the 
same length. 


b. Because the two negative charges are shared equally by three oxygens, each oxygen should 
have two thirds of a negative charge. 


4. a. 1, 2, 3, 5, and6 
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Because the substituent is not able to participate in resonance, the only resonance 
structures are the two resonance structures of the benzene ring. 


са 


~ 
N N ж N 
H H H H H 
6. 
| + + 
CH;CH=CH-CH=CH-CH, CH,;CH-CH=CH-CH=CH, 


Ж 


+ 
снуен ен ён-сн=сн, 


5. The resonance contributor that makes (һе greatest contribution to the hybrid is labeled “А”. 
"B" contributes less to the hybrid than “А”, and “С” contributes less to the hybrid than “В”. 


a. Solved in the text. 
| 0 
+ 
b. CH,—C-—OCH, CH;—C=0CH, 
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A 


B is more stable than C because the electronegative 
oxygen atom is closer to the positive charge in C 


*OH OH 
, | + 
е. CH4—C-NHCH; СН;--С--МНСН; 
В А 


f. CH,—CH-CH-CH-CH, с 


CH4CH-—CH-CH-CH; 


equally stable 
ô + OH 
$ + б. 5 D | 9 + 
а. НОНО: с. N 5 е. CH—C--NHCH; 
СН; 
ó- 5 
=. £7 р бі 
b. СНұ-С-«мОсНн; 4. 0 f. CHCH--CH--CHC 
CH, 


CH, 
<> CH;CH,C==CH, 


a. CH,CH,C—CH, 


CH,CH,CH—CH-CH, <—> CH,CH,CH—CH=CH, 


more stable because the unpaired electron is shared by a primary and a secondary carbon 
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О о” 
| | + 
b. CH,C—CH-CH, <—= CH;C=CH-CH, 


О | 
+ 
CH,C—CH-CHCH, === СН;С--СН-СНСН; 


more stable because the positive change іп on a secondary carbon 


о- 
| 
€ CH;CH—CH=CH, 
i il 
CH,C-CHCH, -—» CH4C—CHCH; 


more stable because only in this compound is the negative charge delocalized 


more stable because the positive charge is on a N rather than on an O 


*OH OH 
+ 
CH,—C—NH; ---->- CH,—C=NH, 


8. а. Because nitrogen is less electronegative than oxygen, it is better able to stabilize the 
positive charge by resonance. 


BN. А oN + + 
СН;О--СН, «—> СН;О--СН, СН;МН--СН, 7—?- СН;МН--СН, 


more stable 


In order for electron delocalization to occur, the atoms that share the electrons must be in the 


same plane. The two tert-butyl groups prevent the positively charged carbon and the benzene 


ring from being in the same plane. Therefore, the carbocation cannot be stabilized by electron 
delocalization. 


OX : 


more stable 


T 


9. 
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с. The compound with delocalized electrons is more stable than the compound in which all the 
electrons are localized. 


.. + ДА + + 
CH40—CH;CH; СН;О--СН, -—- СН;О--СН, 


ali the electrons are localized electrons are delocalized 


. The compound with delocalized electrons is more stable than the compound in which all the 
electrons are localized. 


" + 
CHCH, CHCH; CHCH, 
+ 


electrons are delocalized all the electrons are localized 


e. The ОСН, group destabilizes the carbocation in the first species and destabilizes it in the 


second species. 
OCH; OCH; 
CH; cy CH <—= CH,—C=CH, 


The ОСН} group destabilizes the carbocation by inductive electron withdrawal. 


.. + ЕН + + 
Онон и —— сн,5Үен-сн-сн, -<-->- СН;О-СН--<СН- 


The ОСН. group stabilizes the carbocation by resonance electron donation. 


a. Solved in the text. 


b. The contributing resonance structures show that there are four sites that could react with HO 
t 
5 етае = => = 
+ 


с. The contributing resonance structures show that there are three sites that could react with а 
bromine radical. 


AMET HA яуа „чм 


* 
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d. The contributing resonance structures show that there are two sites that could be protonated. 


ОРО — OO 


10. Solved in the text. 


11. In each case, the compound shown is the stronger acid because the negative charge that results 
when it loses a proton can be delocalized. Electron delocalization is not possible for the other 
compound in each pair. 


a. CH;CH=CHOH ——» H' + CH,CH=CHO  -— CH,CHCH-O 
|| Үй 
b. cH, —oH —— H' + СН;С-О” = СН,С=0 


© CH;CH=CHOH ——» Н’ + СН.СН=СНО —<—» СН;СНСН-О 


| + - + 
9. CH;CH=CHNH; —— H' + CH,CH-CHNH, <= CH,CHCH=NH, 


1 a. Ethylamine is a stronger base because when the lone pair on the nitrogen in aniline is 
protonated, it can no longer be delocalized into the benzene ring. 


b. Ethoxide ion is a stronger base because a negatively charged oxygen is a stronger base than 
a neutral nitrogen. | 


с. Ethoxide ion is a stronger base because when the phenolate ion is protonated, the pair of 
electrons that is protonated can no longer be delocalized into the benzene ring. 


13, 


The carboxylic acid is the most acidic because its conjugate base has greater resonance 
stabilization than does the conjugate base of phenol. The alcohol is the least stable because, 
unlike the negative change on the conjugate base of phenol, the negative change on its oxygen 
atom cannot be delocalized. 


O 
Соба > Qo > О 
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14. The y3 molecular orbital of 1,3-butadiene has 3 nodes (two vertical and one horizontal). 
The y; molecular orbital of 1,3-butadiene has 4 nodes (three vertical and one horizontal). 


E 15. - V and y» are bonding molecular orbitals, and y3 and y, are antibonding molecular orbitals, 
- V, and y; are symmetric molecular orbitals, and y and y, are asymmetric molecular orbita 
y is the HOMO and y; is the LUMO in the ground state. 


уз is the HOMO and y, is the LUMO in the excited state. 
If the HOMO is symmetric, the LUMO is asymmetric and vice versa. 


"ROTE 


16. а. Wy, W2, and y. are bonding molecular orbitals, and v4, Ws, and ус are antibonding molecular 
orbitals. 
b. ул, уз, and ys are symmetric molecular orbitals, and yo, V4, and ус are asymmetric 
molecular orbitals. 
с. y, is the HOMO and y is the LUMO in the ground state. 
d. y, is the HOMO and y; is the LUMO in the ground state. 
e. If the HOMO is symmetric, the LUMO is asymmetric and vice versa. 


17. а. The y, molecular orbital of 1,3-butadiene has 3 bonding interactions and the y; molecular 
orbital has 2 bonding interactions. 
b. The y; molecular orbital of 1,3,5,7-octatetraene has 7 bonding interactions and the Wo 
molecular orbital has 6 bonding interactions. 


Notice that the y, molecular orbital has one bonding orbital between each of the overlapping p 


orbitals. Notice also that as the energy of the molecular orbital increases, the number of bondin 
interactions decreases. 


18. a, d, f, g, i, j, 1, т 


19, a. and b. 
-.. + + ..- 
1.  CH—NEN: <>  CH,-Nz-N: 
More stable, because the 


negative charge is on nitrogen 
rather than on carbon. 


DNE E ET 
2. :NÆN— O0: --- :М=М=о: 
More stable, because the 


negative charge is on oxygen 
rather than on nitrogen. 


——— — —— —— —— 


Chapter 7 223 


3. 0–М=д: -——» :0=N—O6; 


Both are equally stable. 


Additional resonance structures could be drawn for each of these three species, 
but they are relatively unstable because they have an incomplete octet. 


m" is. 
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21. а. different compounds d. resonance contributors 
b. resonance contributors e. different compounds 
c. different compounds 
Notice that in the structures that are different compounds, both atoms and electrons have 


changed their locations. 
In contrast, in structures that are resonance contributors, only the electrons have moved. 


22. a. 
1. CH,CH-CHOCH, -——  CH,CHCH-ÓCH, 


major minor 


2. CH,NH, CH,NH, 
О — Q 


the two resonance contributors have the same stability 


3. CH,CHC=N = CH,CH=C=N 


minor major 


O 


the two resonance contributors have the same stability 


the two resonance contributors have the same stability 
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m 
ll | + 
7. CH;CH,COCH,CH, <---»- СН;СНС--ОСН;СН; 
major minor 
8. CH,CH=CHCH=CHCH, CH,CHCH=CHCH=CH, 


ч ae 


minor ы. p d major 


CH,CH=CHCHCH=CH, 


major | 
[| Й 
+ 
9. HCNHCH, == HC=NHCH, 
тајог minor 


* * 
10. CH;CH=CHCH, -—- CH,CHCH=CH, | 


minor major 
О о” о” 
әс тар E 
= 27 Eu NN 
2 o N o О ZN o 2 ~ О 
each of the three resonance contributors has the same stability 
il || p 
12. HCCH=CHCH, == HCCHCH=CH, <= HC=CHCH=CH, 
minor minor | major 


"D—0-—0—0-—0 


The five contributors are equally stable. 


5 +/ +/ 


= tZ 
14. СН;СН--М 4 «=> PHA CHEN x <=. CH;CH=N 
minor О minor О major o7 
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15. The electrons can move in two different direction. They can move out of the benzene ring 
toward the alkene group; they can move into the benzene ring away from the alkyl group. 


t * * 
CH=CH) CHCH, CHCH, CHCH, CH=CH, 
major minor minor minor major 
CHCH, CHCH, CHCH, CH=CH, 
+ + 
—_ >> < == 
| minor Жи? minor major 
16. * T + 
Cl A СІ СІ СІ С 
ФОО С CY 
major minor minor minor major 
|| || |] T ni || 
17. CH,C—CH—CCH, <-->- CH,C—CH=CCH; -—3»- СНЗСЕ=СН-ССН; 
minor major major 
О "d 
zi 
18. CH,COCH,CH, -«—> CH,=COCH,CH; 
minor major 


b. 2,4, 6, 11, and 13 


23. 
+ 
a. СН.СНСН=СН, b. СН» с о” 
+ 
This makes the greater This makes the greater This makes the 2 
contribution because the contribution because the contribution bec: 
positive charge is on positive charge is on negative charge i 


a secondary carbon. 


a tertiary carbon. an oxygen atom. 
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a. The resonance contributors show that the carbonyl oxygen has the greater electron density. 


О: :0: 


ЇЇ Y. ME 
CH;C- och, —— — СН;С--ОСН; 


b. The compound on the right has the greater electron density on 


its nitrogen because the 
compound on the left has a resonance contributor with a positi 


ve charge on the nitrogen. 


9-6 0 


N+ 


c. The compound with the cyclohexane rin 
because the lone pair on the nitro 
There is less delocalization onto 


ring because the lone pair can al 
ring. 


g has the greater electron de 
gen can be delocalized onto the ox 
oxygen by 
so be deloc 


nsity on its oxygen 
ygen. 

the lone pair in the compound with the benzene 
alized away from the oxygen into the benzene 


i т 
=“ “" <> Oz 
1 1 р 
+ 
C У=%нбсн, <> TE =— TORN 


25. The methyl group on benzene can lose a proton easier than the methyl group on cyclohexane 
because the electrons left behind on the carbon in the former can be delocalized into the benzene 
ring. 

In contrast, the electrons left behind in the other compound are localized on the carbon. 
CH, ( > 
26, 


The carbocation is stable because the positive charge is shared by 10 carbon atoms (the central 
carbon and 3 carbons of each of the 3 benzene rings). 
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27. 
CH,CH,O—C=CH—C=N: CH,CH,O—C—CH=C=N: 
#1 most stable because the #2 because the negative charge 
negative charge is on oxygen is on nitrogen 
б: Р vd 
CH4CH;0—C—CH-C&EN: CH,;CH,Q=C—CH—C=N: 
#3 because the negative charge #4 the least stable because the negative charge 
is on carbon is on carbon and it has separated charges 


28. The more the electrons that are left behind when the proton is removed can be delocalized, the 
greater the stability of the base. The more stable the base, the more acidic its conjugate acid. 


The negative charge on the base in the first compound can be delocalized onto two other 
carbons; the negative charge on the base in the second compound can be delocalized onto one 
other carbon; the negative charge on the base in the last compound cannot be delocalized. 


29. 


O 
|| 
a. CH,CO^ the negative charge is shared by 2 oxygens 


и dH 
b. CH4CCHCCH, the negative charge is shared by a carbon and 2 oxygens 


| 
с. CH,;CH,CHCCH, the negative charge is shared by a carbon and an oxygen 


er 


d. сне; їн, this compound has delocalized electrons 


- | 
е. СН,С-СН the negative charge is shared by a carbon and an oxygen 


CH, 
О 


N^ the negative charge is shared by a nitrogen and 2 oxygens 


О 
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The stronger base is the less stable base of each pair in Problem 29. 


a. СНҘСН;0” Less stable because the negative charge cannot be delocalized. 


| 
b. CH4CCHCH;CCH, Less stable because the negative charge can be delocalized 
Е onto only one carbonyl oxygen. 


= || 
c CH4CHCH,CCH, Less stable because the negative charge cannot be delocalized. 


NH; 
d CH,CHNH, Less stable because neither of the nitrogen lone pairs can be delocalized. 
CH, 
Ж CH,C—CH Less stable because the negative charge is delocalized onto a carbon. 
| | 
СН; 
О 
f. Less stable because the negative charge can be delocalized 
у N^ onto only one carbonyl oxygen. 


31. The carbocation leading to 1,1-dichloroethane is more stable than the carbocation leading to 


1,2-dichloroethane because the positive charge on the intermediate leading to 1,1-dichloroethane 
is shared by carbon and chlorine. Since the more stable carbocation is the one that is easier to 
form, the final product of the reaction is 1,1-dichloroethane. 


+ .. 
нс” СН,СН;-д: --»- CH;CH;CI 


+ СТ а 
bo WT. 
+ 
CH4CH 


нс=сн HCl m c-cu-ü: 


1,2-dichloroethane 
ва. —= СН,СНСІ 
+ Cl” есі 
1,1-dichloroethane 


снұсн-сі: 


p 
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32. The resonance contributors of pyrrole are more stable because the positive charge is on ni 
In furan, the positive charge is on oxygen which, being more electronegative, is less stabl 
a positive charge. 


trogen, 
€ With 


ee + + 
N N N N N 
H H H H H 
m. =e ӨР. ---»- г n^ -—Ch»- ~ + т E Зе CaN 
Q Oo | Q О 


33. А is the most acidic because the electrons left behind when the proton is removed can be 
delocalized onto two oxygen atoms. B is the next most acidic because the electrons left behind 
when the proton is removed can be delocalized onto one oxygen atom. С is the least acidic 
because the electrons left behind when the proton is removed cannot be delocalized. 


[ | i li | 
CH,CCH,CCH, > СН.ССН.СН.ССН, > CH,CCH,CH,CH,CCH; 


А В С 


34. Of the two possible carbocations that can be formed in reaction a, the more stable carbocation is 


the one formed by adding the electrophile to the sp? carbon bonded to the greater number of 
hydrogens. It is more stable because the positive charge is shared by carbon and fluorine. 


* T * 
CH;CH—FE: <—э CH,;CH=F: 


the carbocation formed by adding the electrophile to the 
sp? carbon bonded to the greater number of hydrogens 


t .. 


the carbocation formed by not adding the electrophile to the 
sp? carbon bonded to the greater number of hydrogens 


Of the two possible carbocations that can be formed in reaction b, the more stable carbocation is 
the one formed by not adding the electrophile to the sp? carbon bonded to the greater number of 
hydrogens. The fluoro substituent is not in a position to help to stabilize the positive charge in 
either carbocation. In the carbocation formed by not adding the electrophile to the sp? carbon 
bonded to the greater number of hydrogens, the electron-withdrawing fluoro substituent is 
farther away from the positive charge. 
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СН.СНСЕ, 


the carbocation formed by adding the electrophile to the 
sp? carbon bonded to the greater number of hydrogens 


+ 
CH,CH,CF, 
the carbocation formed by not adding the electrophile to the 
sp? carbon bonded to the greater number of hydrogens 


35. a. and d. 


P 
oh 
© 
я 
[en] 
= 
ж 
= 
= 
5 
——— 

Progress of the Reaction 

b. :ÓH +OH «Өн “Өн :ÓH 
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d. The resonance contributors in 


Thus, as shown in the energy 
and the cyclohexoxide ion is 


because in "b" a positive charg 
Therefore, the phenolate ion h 


"с" are more stable than the resonance contributors in 
€ is on the most electronegatice atom (the oxygen). 
as greater resonance stabilization than phenol. 
diagram, the difference in energy between the phenolate ion 
greater than the difference in energy between phenol and 


"b" 


cyclohexanol. 


e. Because of the greater resonance stabilization of the phenolate ion compared to phenol, 


phenol has a larger Ka than cyclohexanol. 


f. Because it has a larger Ка (a lower pK), phenol is a stronger acid. 


36. 


> 
bD 
5 
= 
ы 
5 
Е 
$ 
е 
5. 
— > 
Progress of the Reaction 
4 + 

b. NH, NH, 

» em 

+ + + 

с. P NH, NH, NH, NH, «NH, 

О--Оз-(3--03-- 


37. 
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d. Aniline has greater resonance stabilization than the anilinium ion. Thus in the energy 
diagram, the difference in energy between aniline and cyclohexylamine is greater than 
the difference in energy between the anilinium ion and the cyclohexylammonium ion. 


e. Because of the greater resonance stabilization of aniline compared to the anilinium ion, 
the anilinium ion has a larger Ка than the cyclohexylammonium ion. 


f. Because it has a larger Ка (a lower pKa), the anilinium ion is a stronger acid than the 
cyclohexylammonium ion. Therefore, cyclohexylamine is a stronger base than aniline. 
(The stronger the acid, the weaker its conjugate base.) 


a. It has 8 molecular orbitals. 

b. V4, V5, V, and y4 are bonding molecular orbitals; Vs, V, ут, and yg are antibonding 
molecular orbitals. 

с. Wi, V3, Ws and y4 are symmetric molecular orbitals; Vo, V4, We, and yg are asymmetric 
molecular orbitals. 

d. y, is the HOMO and у; is the LUMO in the ground state. 


e. ys is the HOMO and yg is the LUMO in the ground state. 


f. The HOMO is symmetric, the LUMO is asymmetric and vice versa. 
g. It has 7 nodes between the nuclei. 
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Chapter 7 Practice Test 


For each of the following pairs of compounds indicate the one that is the more stable: 


t t 
a. CH, Or CH, 


b.  CH4CHCH, or CH,CHC=CH 


О 
Е | - | 
c  CH,CHCH,CCH, or CH,CHCCH, 


+ + 
d. CH, =CHCH, or CH, —CHCHR;CH,; 


+ 
^ CHCH; р СНСН; 
е. 
or 


Draw resonance contributors for the following: 


а. сњснесн—дсн, 


+ 
b. СН;СН--СН--СН--СН--СН,; 


- || 
с. CH,—CH=CH—CH 


Which compounds do not have delocalized electrons? 


CH; 
CH,CH,NHCH=CHCH; _ CH,CCH,CH2CH, _ CH,—CHCH;,CH-CH, 
4 


T 
CH,=CHCCH; CH,CH,NHCH,CH=CHCH, C 
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Which of the following pairs are resonance contributors? 


a. СНЗСН2ОН апа 
О 
|| 

b. CH4COH and 


i Р 
е CH,COH an 


|| 
d. CH,CH,CH and 


5, Which is a stronger base? 


CH,0CH, 


| 
CH4CO^ 
о 
{ + 
СН.С=ОН 
qa 
CH4CH-—CH 


Qe . 
( Nono or 


6. Draw resonance contributors for the following: 
.. н, 


е 


NH, 


T 


235 


| Chapter 7 


7, For each of the following pairs of compounds indicate the опе that is the more acidic: 


H H H H 


b. СН.СН.СН, or сњсн=сн, 


+ + 
с. {_У—сидн, ог {У 


8. Which resonance contributor makes a greater contribution to the resonance hybrid? 


о” 9 
CH; CH 
or 


© 


+ 


о 


а. 
b. 


9, Indicate whether the following statements is true or false: 


а. А compound with four conjugated double bonds will have four molecular orbitals. 


b. y and у are symmetric molecular orbitals. T 


c. If y is the HOMO in the ground state, y4 will be the HOMO in the excited state. 
T 


d. If уз is the LUMO, y, will be the HOMO. T 


e. If the ground-state HOMO is symmetric, the ground-state LUMO will be asymmetric. 


T 


10. | Rank the following carbocations in order of decreasing stability: 


F 


* * * + 
СН.СНЕСНСН,  CH,CH-CHCHCH,  CH,CH-CHCHCH, CH;CH=CHCC 


CH 
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Reactions of Dienes * Ultraviolet and Visible Spectroscopy 


Important Terms 


1,2-addition 
trees addition) 


1,4-addition 
(conjugate addition) 


allene 

bicyclic compound 

bridged bicyclic compound 
common intermediate 


conjugate addition 
(1,4-addition) 


conjugated double bonds 
cumulated double bonds 
cycloaddition reaction 

[4 + 2] cycloaddition 
reaction 

Diels-Alder reaction 
diene 

dienophile 


direct addition 
(1,2-addition) 


electromagnetic radiation 
electronic transition 


endo 


equilibrium control 


excited state 


addition to the 1- and 2-positions of a conjugated system. 
addition to the 1- and 4-positions of a conjugated system. 


a compound with two adjacent double bonds. 

a compound that contains two rings that share at least one carbon. 

a bicyclic compound in which the rings share two nonadjacent carbons. 
an intermediate that two compounds have in common. 


addition to the 1- and 4-positions of a conjugated system. 


double bonds separated by one single bond. 
double bonds that are adjacent to one another. 


a reaction in which two 1-electron-containing reactants combine to form a 
cyclic product. 


a cycloaddition reaction in which four п electrons come from one reactant 
and two 7 electrons come from the other reactant. 


a [4 + 2] cycloaddition reaction. 
a hydrocarbon with two double bonds. 
an alkene that reacts with a diene in a Diels-Alder reaction. 


addition to the 1- and 2-positions of a conjugated system. 


radiant energy that displays wave properties. 
promotion of an electron from its HOMO to its LUMO. 


a Substituent is endo if it and the bridge are on opposite sides of the 
bicyclic compound. 


thermodynamic control. 


the electronic configuration of an atom or a molecule that results when an 
electron in the ground-state electronic configuration has been moved to a 
higher-energy orbital. 
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ехо a substituent is exo if it and the bridge are on the same side of the bicyclic 
compound. 
ground state the electronic configuration of an atom or a molecule when all the electron; 


are in their lowest-energy orbitals. 


highest occupied molecular the highest energy molecular orbital that contains electrons. 


orbital (HOMO) 

isolated double bonds double bonds separated by more than one single bond. 

kinetic control when a reaction is under kinetic control, the relative amounts of the 
products depend on the rates at which they are formed. 

kinetic product the product that is formed the fastest. 

Amax the wavelength at which there is maximum UV/Vis absorbance. 

lowest unoccupied the lowest energy molecular orbital that does not contain electrons. 

molecular orbital (LUMO) 

molar absorptivity the absorbance obtained from a 1.00 M solution in a cell with a 1.00 cm 
light path. 

pericyclic reaction a reaction that takes place in one step as a result of a cyclic reorganization 
of electrons. 

polyene a compound that has several double bonds. 

proximity effect an effect caused by one species being close to another. 

red shift a shift to a longer wavelength. 

s-cis-conformation the conformation in which two double bonds of a conjugated diene are on 
the same side of a connecting single bond. 

s-trans-conformation the conformation in which two double bonds of a conjugated diene are on 
opposite sides of a connecting single bond. 

spectroscopy study of the interaction of matter and electromagnetic radiation. 

tetraene a compound with four double bonds. 


thermodynamic control when a reaction is under thermodynamic control, the relative amounts of 
the products depend on their stabilities. 


thermodynamic product the most stable product. 


triene a compound with three double bonds 


ultraviolet light 
UV/Vis spectroscopy 


visible light 


wavelength 
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electromagnetic radiation with wavelengths ranging from 180 to 400 nm. 


the absorption of electromagnetic radiation to determine information about 
conjugated systems. 


electromagnetic radiation with wavelengths ranging from 400 to 780 nm. 


distance from any point on one wave to the corresponding point on the next 
wave. 
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Solutions to Problems 


1. a. 1,5-cyclooctadiene e. 1,6-dimethyl-1,3-cyclohexadiene 
b. 1-hepten-4-yne f. 3-butyn-1-ol 
c. 4-methyl-1,4-hexadiene g. 1,3,5-heptatriene 
d. 5-vinyl-5-octen-1-yne h. 2,4-dimethyl-4-hexen-1-0l 
2. a and c have only two stereoisomers because in each case there are two identical substituent 


bonded to one of the sp? carbons. 


a. Н.С ж H;C. Ж 
с=с Н С--С СН; 
4 4 x 
Н.С ас“ Н.С C=C” 
/ N / N 
H CH; H H 


(E)-2-methyl-2,4-hexadiene (Z)-2-methyl-2,4-hexadiene 


b. HC H 
‚с=с МЖ ‚С=С, CH,CH, 
H CH4CH; н № 
(2E,4E)-2,4-heptadiene (2E,4Z)-2,4-heptadiene 
H H 
ae / H, H 
^ m NC ae „сеС CHCH; 
Н.С Aem Н.С C=C 
H CH4CH; но“ 
(2Z,4E)-2,4-heptadiene (2Z,4Z)-2,4-heptadiene 
c H H 
N / Hy Ж 
С=С, Н C=C CH, 
H ES 7 7 \ / 
po à с=с 
H CH; H № 


(E)-1,3-pentadiene (Z)-1,3-pentadiene 
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CH,=CHCH,CH=CH, < CH;CH=CHCH=CH, < CH;CH=CHCH=CHCH, < 
1,4-pentadiene 1,3-pentadiene 2,4-hexadiene 
СН; СН; 
CH,C=CHCH=CCH, 
2,5-dimethyl-2,4-hexadiene 


4 The indicated double bond is the most reactive in an electrophilic substitution reaction because 


addition of an electrophile to this double bond forms the most stable carbocation (a tertiary 
allylic carbocation). 


Br Br Br 
Br Br Br 
or 
CH; CH; сн; 
НР в Н Вг Вг Н 
CH; CH; CH, 
CH, CH, CH, 
H Br Br H H Br 
CH4 СН; СН; 
сн; 
= No stereoisomers аге 
т=н ОН СН, possible for this compound. 
Cl 
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6. 
СН 
3 єн, 
~ x: < CH)=CHCH,CH,CH,CCH, 
Br 
The intermediate is a The intermediate is a 
tertiary carbocation. tertiary carbocation. 
b. СНС CHCl 
С. „С 
РАДИЧ + џи“ ~ Е 
HC=ccu,cH, V.H Не ~CH,CH,C=CH 
or 
Cl СІ 
сєн,—}—сн,сн,с =CH + BCesCCH,CH;— ciet 
H H 
The double bond is more reactive than the triple bond. 
d. T5 s 
C. „С 
ÁN + ТШ ~ 
CH,—cHCH,cft, VPE. Н" / ~CH,CH,CH=CH, 
gr BrCH, 
or 
сн; CH, 
CH, — CHCH;CH,—— сиви t BrCH, CH,CH,CH=CH, 
H 


H 
The intermediate is a tertiary radical. 


Chapter 8 243 


CH,—CH—CH-CH-CH-CH, Ва сну—сн—снесн—сн=сн, 
Вг 
CH;,—CH=CH-ÇH-CH=CH, 
Br 
CH; ~CH=CH—CH=CH—CH, 


Br 


a. СН;СН--СН--СН--СНСН; 


је 
Cl 
1? ут T 


+ 
CH,CH—CH-CH-—CHCH, <—> CH,CH—CH=CH—CHCH, 


e Jor 


СІ a Я ru 
СН;СНСНСН--СНСН; + CH,;CHCH=CHCHCH, 
1,2-addition product 1,4-addition product 
Br 
b. CH;CH—CHCCH;CH; + CISCHCHesC UCM 
CH; Br CH; 
1,2-addition product 1,4-addition product 
Br pr 
| 
с. CH3CH;C—C-—CHCH, + CH;CH;C —CCHCH; | 
СН. СН; СН; СН; 
1,2-addition product 1,4-addition product 


WE а я 
Br Br Br 


1,2-addition product 1,4-addition product 
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10. 


11. 


12. 
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a. Addition at C-1 forms the more stable carbocation, because the positive charge is shared by 
two secondary allylic carbons. 


b. DCI was used to cause the 1,2- and 1,4-products to be different. If HCI had been used the 1,2. 
and 1,4-products would have been the same. 


a. The rate-determining step is formation of the carbocation 
b. The product-determining step is reaction of the carbocation with the nucleophile. 


a. Solved in the text. 


сњ fie 
b. СНҘСН--СНССН; CH3CHCH=CCH; 
Cl СІ 
kinetic product thermodynamic product 
СН; СН; 
СІ 
kinetic product thermodynamic product 
ro 
d. CI СН--СНСН; СНСНСН; 
kinetic product thermodynamic product 


In order for a Diels-Alder reaction to occur, the overlapping orbitals of the reactants must have 
the same color (the same symmetry). In a [2+2] cycloaddition reaction at room temperature (in 
the ground state electronic configuration), the HOMO of one of the reactants will be symmetric 
and the LUMO of the other will be asymmetric (see Figure 7.8 on p. 287 of the text). Thus, they 
will not have the same symmetry and the reaction will not occur. 


In contrast, a [2+2] cycloaddition reaction does occur under photochemical conditions. Under 
photochemical conditions one of the alkenes will be in an excited state. Therefore, its HOMO 
will be asymmetric and will be able to overlap with the asymmetric LUMO of the other alkene. 
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13. 
| О 
М CCH, с. Н.С 
О 
CCH, Н.С 
| О 
= Н.С CHO 
b. (Ү d. c : 
HC CH,O 


14. a. Itis not optically active because it is a meso compound. 
(It has 2 asymmetric carbons and a plane of symmetry.) 


co 
Cl 
b. It is not optically active because it is a racemic mixture. 


(Identical amounts of the enantiomers will be obtained.) 


Cl 


Cl 
COL o. O 
"CI Cc" 


15. First draw the resonance contributors to determine where the charges are on the reactants. 
The major product is obtained by joining the negatively charged carbon of the diene with 
the positively charged carbon of the dienophile. 


iH dienophile | Because the reaction creates an asymmetric 
O^ carbon, the product will be a racemic mixture. 
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СН; 
8: C=N C=N b. сем Н.С Cs 
д. ҮҮ 
H3C 
СН. 


17. aand d will not react, because they are both locked in an s-trans conformation. 


16. 


c and e will react, because they are both locked in an s-cis conformation. 


b and f will react, because they can rotate into an s-cis conformation. 


18. Solved in the text. 


19. 
COCH, 

a Hy ЖТ с | Н 
Те ud „а 
ES EN COCH Р 

Н Н 3 
| 
О 
Н СН Н 
9. f. 
b. 22 hee 2 4 | “ 
+ + 

У С М. SS ( 
РЕЧ / 

Н ud Bod 

О 


20. Diethyl ether does not have any л bonds. Therefore it does not have а n* molecular orbital. 
Without a л* molecular orbital neither ап п — л* nor a n — n* electronic transition can oc 


ОН 


% 


25. 
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= сіє 
A 
le 


" 


0.52 
= 12600 = 4.1х 105 M 


G 


@ \—cu=cn-¢_Y > Je Фу 


a. Blue is the result of absorption of light of a longer wavelength than light that produces purple. 


The compound on the right has an auxochrome (N(CH3)2) that will cause it to absorb at a 
longer wavelength. Therefore, it is the blue compound. 


b. They will be the same color at РН = 3 because the N(CH3); group will be protonated and, 


therefore, will not possess the lone pair that causes the compound to absorb light of a longer 
wavelength. 


NADH is formed as a product; it absorbs light at 340 nm. Therefore, the rate of the oxidation 
reaction can be determined by monitoring the increase in absorbance at 340 nm as a function of 
time. 


i 
CH,CH,OH + мар” 26089 dehydrogenase CH,CH + NADH 


а. l-octen-6-yne d. 5-chloro-1,3-cyclohexadiene 
b. (Z)-3-hexen-1-ol e. 1-methyl-1,3,5-cycloheptatriene 


с. 1,5-octadiyne 
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26. 
. CICH H c Н CH 
| Í ый | Н | — | 
H m ес“ P s \ жнсн;сн; 
Н СН; СН; Н 
b H CH, d. E 
N / 
c= Ж CH4CH H 
CH;CH, C=C. т ШЕ 
H CH,CH,CH, H c= 
/ \ 
Вг Н 


27, a. There are six linear dienes with molecular formula С<Н 10. 


b. Two аге conjugated dienes. CH,=CHCH=CHCH,CH, 
СН;СН--СНСН--СНСН; 


€. Two are isolated dienes. CH,=CHCH,CH=CHCH, 
CH,=CHCH,CH,CH=CH, 


There are also two cumulated dienes. CH,=C=CHCH,CH,CH, 
CH,;CH=C=CHCH,CH, 


28. | Both compounds form the same product when they are hydrogenated, so the difference in heat: 
of hydrogenation will depend only on the difference in the stabilities of the reactants. Because 
1,2-pentadiene has cumulated double bonds and 1,4-pentadiene has isolated double bonds, 1,2- 
pentadiene is less stable and, therefore, will have a greater heat of hydrogenation (a more 


negative AH?). 
Н, 
CH,==C=CHCH,CH, — CH3CH,CH,CH,CH, 
| Pd/C 
1,2-pentadiene 
Н, 
CH;—CHCH;CH-CH, — CH3CH,CH,CH,CH, 
Pd/C 


1,4-pentadiene 


MÀ > . - 
———————— ——M—— 
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26. 
а. Сен СН. c. Н у 
С КЕ ,H У ui , CH2CH5CH; 
Жж CH,CH, ЖТ 
Н СН; СН; Н 
b. н CH d Br 
N / 3 | 
CHCH, С=С, c= СН;СН; 
H CH;CH;CH, H c= 
/ N 
Br H 


27. a. There are six linear dienes with molecular formula C6H10. 


b. Two are conjugated dienes. CH,=CHCH=CHCH,CH, 
CH;CH=CHCH=CHCH, 


€. Two are isolated dienes. CH,=CHCH,CH=CHCH, 
CH,=CHCH,CH,CH=CH, 


There are also two cumulated dienes. CH;—C-—CHCH;CH;CH,; 
СН;СН--С--СНСН;СН; 


28. | Both compounds form the same product when they are hydrogenated, so the difference in heat: 
of hydrogenation will depend only on the difference in the stabilities of the reactants. Because 
1,2-pentadiene has cumulated double bonds and 1,4-pentadiene has isolated double bonds, 1,2- 
pentadiene is less stable and, therefore, will have a greater heat of hydrogenation (a more 


negative AH?). 
Н, 
СН, =C =CHCH,CH, — > CH4CH;CH;CH;CH; 
Pd/C 
1,2-pentadiene 
CH;—CHCH;CH =CH, cee CH;CH,CH,CH,CH, 
Pd/C 


1,4-pentadiene 
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(3E,6E)-3,7,11-trimethyl-1,3,6, 10-dodecatetraene 


The configuration of the double bond at the 1-position and at the 10-position is not specified 
because isomers are not possible at those positions since there are 2 hydrogens on C-1 and two 
methyl groups on C-11. 


30. Тһе reaction of 1,3-cyclohexadiene with Brz forms 3,4-dibromocyclohexene as the 1,2-addition 
product and 3,6-dibromocyclohexene as the 1,4-addition product. (Recall that in naming the 
compounds, the double bond is at the 1,2-position.) The reaction of 1,3-cyclohexadiene with HBr 
forms 3-bromocyclohexene as both the 1,2-addition product and the 1,4-addition product. 


Br Br 
Br 
Вг, " 
3,4-dibromocyclohexene Br 
Q 1,2-addition product — 3,6.dibromocyclohexene 


1,4-addition product 


1,3-cyclohexadiene 


N HBr, on 


3-bromocyclohexene 
1,2-addition product 
1,4-addition product 


" : 
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32. 


CH,=CHCH=CHCH=cH, B CH,CHCH-CHCH-CH, + 


1,3,5-hexatriene Br А 


в 


НЕС НОНО ОВ + CH4CH-—CHCH —CHCH 
B Br C 


b. A will predominate if the reaction is under kinetic control because it is the 1,2-product an 
therefore will be the product formed most rapdily as a result of the proximity effect. 
In addition, А will be the 1,2-product regardless of which end of the conjugate system re; 
with the electrophile. 


c. C will predominate if the reaction is under thermodynamic control because it is the most 
stable diene. (It is the most substituted conjugated diene.) 


33. а. The absorption at 236 nm is due to ал — пл“ transition, and the absorption at 314 nm is d 


to an n д* transition. 


b. The one at 236 nm (the x — л* transition) shows the greater absorbance. 


34. 


> 


О 
= | 
n CHCCH, 
7 CH, LI |: 
ы 
CO,CH, 
> В CHCO,CH; 
CH, — 


с. "d (62 
+ 
М. CHOCH; » 
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OH 
а. 1 Фф H,O С 
+ Вг, —— 
Вг 
СН. Br CH; 
2: 
+ HBr —— ог 
CH, Br, СН; 
+ НВг —— e 
CH; CH; 
3 Н,50 
+ но — 3 ог 
CH; . HO CH; 
CH; CH, 
H5SO, 
+ H,0 — 
CH; HO CH; 
b. 
CH; HO (СН; 
1. 2. ~. 3 ol 
HO Br CH; 
Br 


36. Тһе diene is the nucleophile, and the dienophile is the electrophile in a Diels-Alder reaction. 


a. An electron-donating substituent in the diene would increase the rate of the reaction, because 
electron donation would increase its nucleophilicity. 


b. An electron-donating substituent in the dienophile would decrease the rate of the reaction, 
because electron donation would decrease its electrophilicity. 


с. An electron-withdrawing substituent in the diene would decrease the rate of the reaction, 
because electron withdrawal would decrease its nucleophilicity. 
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| 37. а. Addition of an electrophile to C-1 forms a carbocation with two resonance contributors , 

i tertiary allylic carbocation and a secondary allylic carbocation. Addition of an electrophi 
C-4 forms a carbocation with two resonance contributors, a tertiary allylic carbocation an 
primary allylic carbocation. Therefore, addition to C-1 results in formation of the more à 
carbocation intermediate, and the more stable intermediate leads to the major products, 


CH; А А CH4 185 
CH;—C—C-CHCH, — CHC-C-CHCH, == CH;C=C—Cucy 
CH; CH; CH, 

|а је" 

Cl CH, CH, 
CH,C—C—CHCH, CH3¢=C—CHC 

CH, CH, а 
kinetic product thermodynamic pro 


b. Addition of an electrophile to C-1 forms a carbocation with two resonance contributors: 
are tertiary allylic carbocations. 
Addition of an electrophile to C-4 forms a carbocation with two resonance contributors, 
secondary allylic carbocation and a primary allylic carbocation. 
Therefore, addition to C-1 results in formation of the more stable carbocation. 
Only one product is formed, because the two resonance contributors are identical since tl 
carbocation is symmetrical.) 


CH; . CH; CH; 
CH,—C—CH-CCH, H. CH, CH-CCH; —— CHC-CHCCH 
t 
CH; CH; " CH, 
Cl 
| for 
| а CH, 
| CH;CCH—CCH; 
CH; 


i This is the only product because 
| the carbocation is symmetrical. 
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( $ Because the reaction creates an aymmetric carbon 


Neo in the product, the product will be a racemic mixture. 


$ 


Because the reaction creates ап aymmetric carbon in each 
of the products, each product will be a racemic mixture. 


Because the reaction creates an aymmetric carbon in each 
of the products, each product will be a racemic mixture. 


г CH;CI 
О? . оз 


Because the reaction creates ап aymmetric carbon in each 
of the products, each product will be a racemic mixture. 


39, 
a. Vin and p 


The Алах Will be at a longer wavelength. 


# 
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ЈЕ О 
а | || 
d b. CH,=CHCH=CHCH=CH, and СН;--СНСН--СНССН; 
| | It will show 1 absorption band. It will show 2 absorption bands. 
p а п—> л“ transition а T —» пл“ transition 
! and 


* xd 
ап п» 7t transition 


О 


с. 
апа 
КТТ 


The Алах will be at a longer wavelength 
because the carbonyl group is 
conjugated with the benzene ring. 


OH OCH, 


and 


The Amax of the phenolate ion will be at a longer The Amax is pH independent. 
wavelength than the Anax of phenol. 


Since the рКа of phenol is ~10, ће Anax will be 
at a longer wavelength at pH =11 than at pH = 7. 


40. The first pair is the preferred set of reagents because it has the more nucleophilic diene and tł 
more electrophilic dienophile. 


T о 
CCH, | i 


|| ог Il 


H CCH 
E XJ 
* T 
Z> > 


TO 
TO 
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A Diels-Alder reaction is a reaction between a nucleophilic diene and an electrophilic dienophile. 


a. The compound shown below is more reactive in both 1 and 2, because electron delocalization 
increases the electrophilicity of the dienophile. 


m 
| + | 
CH,—CHCH -—» CH,CH=CH 


b. The compound shown below is more reactive, because electron delocalization increases the 
nucleophilicity of the diene. 


- + 
CH;—CHCH-CHOCH, -<--»- CH,CH=CHCH=OCH, 


1842. 
/ / Н 
Н = 
H 
exo endo 
43. 
= 
а Н.-Һн с. С 
t T + ||| 
3€. T 
H ГЄН» СЕМ 
O 
Ci С у 
b i au d 
Ы с + О 
H^ ^H 
6) 


Td 
"m | oH 256 Chapter 8 


| Вг Вг 
| а. 

| 5 2 ^СН.Вг 

| Вг Вг 

: А В C 


b. А has two asymmetric carbons but only two stereoisomers are obtained because addition of: 
can occur only in an anti fashion. 


Br | Вг 
Вг "Br 


B has four stereoisomers because it has an asymmetric carbon and a double bond that can be 
in either the E or Z configuration. 


СН;Вг СН,Вг 
2 `СН,Вг Z NCH,Br > 
Вг + Br + + «Вг 
H Н Т 


C has two stereoisomers because it has one asymmetric carbon. 
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Nine of the compounds are shown below. Since each has one asymmetric carbon, each can have 
either the R or the S configuration. Therefore, 18 different products can be obtained. 


1,3-Butadiene i The 3,4-bond of | The 1,2-bond of 
; a cléctrophile: 2-methyl-l3-butadiene | 2-methyl-1,3-butadiene 
ы is the electrophile. is the electrophile. 


CH=CH, 
CH; 


CH=CH, 
1,3-Butadiene is | 
the nucleophile. 


ÇH; 
С on Шә; 

Н.С CH=CH, Н.С [и Н.С 
2-Methyl-1,3-butadiene Үү Үү Хе 
is the nucleophile. 


(the 1-position is on top) 


CH=CH, 


2-Methyl-1,3-butadiene CH; 


is the nucleophile. = C=CH = 
(the 4-position is on top) CH=CH) 2 
СН; 
Н.С Н.С СН 


46. Before the addition of acid, the compound is colorless because the benzene rings are not 
conjugated with each other, since they are separated from each other by two single bonds. 
In the presence of acid, a carbocation is formed in which the three benzene rings are 
conjugated with each other. The conjugated carbocation is highly colored. 


N(CH3) N(CH4), 


1 T, RS 
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47. The rate-limiting step of the reaction is the formation of the carbocation intermediate. 2-Methy). 
1,3-pentadiene (with conjugated double bonds) is more stable than 2-methyl-1,4-pentadiene 
(with isolated double bonds). 2-Methyl-1,3-pentadiene forms a more stable carbocation than 
does 2-methyl-1,4-pentadiene. 


Since the more stable reactant forms the more stable carbocation, the relative free energies of 
activation of the rate-limiting steps of the two reactions depend on whether the difference in the 
stabilities of the reactants is greater or less than the difference in the stabilities of the transition 
states (which depend on the difference in stabilities of the carbocations). Because the 
difference in the stabilities of the reactants is less than the difference in the stabilities of the 
transition states, the rate of reaction of HBr with 2-methyl-1,3-pentadiene is the faster reaction, 
(If the difference in the stabilities of the reactants had been greater than the difference in the 
stabilities of the transition states, the rate of reaction of HBr with 2-methyl-1,4-pentadiene wou} 
have been the faster reaction.) 


chs at (Hs СН. 
CH,=CCH=CHCH,; —— CH4CCH —CHCH; «<> CH3;C=CHCHCH, 
2-methyl-1,3-pentadiene " 
| Вг | Br 
CH; CH; 
PU. CH-—CHCH; СН.С "хн КЕН 
Вг Вг 
4-bromo-4-methyl-2-pentene  4-bromo-2-methyl-2-pentene 
СН; a Te us CH4 
CH,=CCH,CH=CH, —— CH4CCH;CH—CH, — RUE CH CH=CH, 
2-methyl-1,4-pentadiene Br 


4-bromo-4-methyl- 1 -pentent 


4-bromo-4-methyl-1-pentene 
4-bromo-4-methyl-2-pentene 


Free Energy 


2-methyl-1,4-pentadiene Бі un 


4-bromo-2-methyl-2-pentene 


2-methyl-1,3-pentadiene 


Progress of the Reaction 
—————— 
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His recrystallization was not successful. Because maleic anhydride is a dienophile, it reacts with 
cyclopentadiene in a Diels-Alder reaction. 


О О 
О 
DG — Фу. АЯ 
О 
епдо О ехо 
0 О 


49, Since only benzene absorbs light of 260 nm, the concentration of benzene can be determined by 
measuring the amount of absorbance at 260 nm, using the Beer-Lambert law, since the length of 
the light path of the cell is known and the molar absorptivity of benzene at 260 nm can be looked 
up (or can be determined from the absorbance at 260 nm given by a solution of benzene with a 
known concentration). 


the Beer-Lambertlaw: А = cle 


50. High temperatures are required in order to break the bonds formed by the overlapping in-phase 
orbitals. The Diels-Alder product will not reform at high temperatures, because a [4+2] 
cycloaddition will not occur unless both of the reactants are in their ground states. 


51. Maleic anhydride reacts with cyclopentadiene as in the above problem. The function of maleic 
acid in this reaction is to remove the cyclopentadiene, since removal of a product drives the 
equilibrium toward products. (See Le Chátelier's principle on page 373 of the text.) 


52. The bridgehead carbon cannot have the 120? bond angle required for the sp2 hybridized carbon 
of a double bond. With a 120? bond angle, the compound would be too strained to exist. 


53. a. Unless the reaction is being carried out under kinetic control, the amount of product obtained 
is not dependent on the rate at which the product is formed, so the relative amounts of 
products obtained will not tell you which product was formed faster. 


b. In a thermodynamically controlled reaction, the product distribution depends on the realative 
stabilites of the products since the products come to equilibrium. Thus if the distribution of 
products that is obtained does not reflect the relative stabilities of the products, the reaction 
must have been kinetically controlled. 
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54. He should follow his friend's advice. If he uses 2-methyl-1-3,cyclohexadiene, the product that jg 
formed faster will be 3-chloro-3-methylcyclohexene both if the proximity effect controls which 
product is formed faster and if the more stable transition state controls which product is formeq 
faster. Thus the experiment will not be able to differentiate between the two. 


CH; СІ 
of HCl ox 


3-chloro-3-methylcyclohexene 


If he follows his friend's advice and uses 1-methyl-1-3,cyclohexadiene, the product that 15 
formed faster will be 3-chloro-1-methylcyclohexene only if the proximity effect controls which 
product is formed faster. The product will be 3-chloro-3-methylcyclohexene if the more stable 
transition state controls which product is formed faster. 


СН; Сн; Cl, сн, 
НСІ n 
СІ 


3-chloro-1-methylcyclohexene ^ 3-chloro-3-methylcyclohexene 


55. а. At pH < 4, the lone pair of the nitrogen of the N(CH3)2 group is protonated, so it cannot 
interfere with the fully conjugated system. 


CH; 


+ 


H3C—N 
61 
N= 
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At pH > 4, the nitrogen of the N(CH3)2 group is not protonated and the lone pair can be 
delocalized into the benzene ring. This decreases the conjugation and, therefore, li ght of 
shorter wavelengths will be absorbed; hence, the change in color from red to yellow. 


p 
pes 
N—N 
о- 
pH» 4 4 
ў ЗО” Na 
О 


b. In acidic solutions, the three benzene rings are isolated from one another. 


In basic solutions, as a result of loss of the proton from one of the OH groups, there is a 
greater degree of conjugation. 


О 
| 


ғы 


М. 
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Chapter 8 Practice Test 


1. Give the systematic name for the following compounds: 


a. O b. CH,C=CCH,CH,CH,CH=CH, 
СІ 


2. Give the products of the following reactions: 


OH 


с. 


СН; 
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А 0.038 M solution of cyclohexanone shows an absorbance of 0.75 at 280 nm in a 1.00 cm 
cell. What is the molar absorptivity of cyclohexanone at 280 nm? 


Indicate whether each of the following statements is true or false. 


a. А conjugated diene is more stable than an isomeric isolated diene. T F 


b. A single bond formed by an sp*—sp2 overlap is longer than a single bond 


formed by an 5р2—5р3 overlap. T F 
c. The thermodynamically controlled product is the major product obtained 

when the reaction is carried out under mild conditions. T F 
d. 1,3-Hexadiene is more stable than 1,4-hexadiene. T F 


е. A chromophore that exhibits both n > n* and t эл transitions will have 
the n > л“ transition at a longer wavelength. | Т Е 


Give the four products that would be obtained from the following reaction. Ignore stereoisomers. 


CH; 
CH,—C—C—CHCH,; + HBr — 
CH; 


What reactants are necessary for the synthesis of the following compound via a Diels-Alder 
reaction? 


CH; О 


CH; 


Two 1,2-products and two 1,4-products can be obtained from the following reaction: 


CH; 
or + HCl — 


а. Which are the predominant 1,2- and 1,4-products? 


b. Which of the above two products is the product of thermodynamic control? 
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10. 


11. 


12. 


13. 
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What reagents could be used to convert the given starting material into the given product? 
О — Oe 


Give the product of the following reaction, showing its configuration: 
CH,—CHCH-CH, + С=с, А 
Н Н 


For each of the following reactions give the major 1,2- and 1,4-products. Label the product of 
kinetic control and the product of thermodynamic control. 


CH, 
а. CH,=CH-C=CH, + НСІ —— 


CH, 


A solution of a compound with a molar absorbtivity of 1,200 at 297 nm gives an absorbance of 
0.76 at that wavelength in a 1 cm quartz cell. What is the concentration of the solution? 
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Important Terms 
alkane 


combustion 


free radical 
halogenation 


homolytic bond cleavage 
initiation step 


paraffin 


propagation step 


radical (often called a 
free radical) 


radical chain reaction 


radical inhibitor 


radical substitution 
reaction 


reactivity-selectivity 
principle 


saturated hydrocarbon 


termination step 


‘Reactions of Alkanes Radicals 


a hydrocarbon that contains only single bonds. 


a reaction with oxygen that takes place at high temperatures and converts 
alkanes to carbon dioxide and water. 


an atom or a molecule with an unpaired electron. 
the reaction of an alkane with a halogen. 


breaking a bond with the result that each of the atoms of the bond gets one 
of the bonding electrons. 


‚ the step in which radicals are created, or the step in which the radical 


needed for the first propagating step is created. 

an older word for alkanes, which means “little affinity.” 

in the first of a pair of propagation steps, a radical (or an electrophile or a 
nucleophile) reacts to produce another radical (or an electrophile or a 
nucleophile) that reacts in the second propagation step to produce the 
radical (or the electrophile or the nucleophile) that was the reactant in the 
first propagation step. 

an atom or a molecule with an unpaired electron. 

a reaction in which radicals are formed and react in repeating propagating 
steps. 


a compound that traps radicals. 


a substitution reaction that has a radical intermediate. 
the greater the reactivity of a species, the less selective it will be. 
a hydrocarbon that contains only single bonds (is saturated with hydrogen). 


two radicals combine to produce a molecule in which all the electrons are 
paired. 
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Solutions to Problems 


1. 


ср — Уз а: | initiation 


а.) — ( ) + на 
О. О: 


„О On 
termination 
OO —O-0 


с, —"- за. 


propagation 


Cl + CH, —- “СН; + на 
“СН; + Cl —— СНЕ + Cl 
С + CH,Cl ——» “СН,СІз НСІ 
"СЊС + Cl — CHCl, + Ck 
Cle + CH,Cl, ——» СНС, + НСІ 
"СНС + Cl ——- CHCl + Cr 
Cl + CHCl ——» «СС, + на 


"ССВ + Ch —— СС, + Cr 


Cle + СС, ж CCl, 
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4. Solved in the text. 


4. 
CH; CH; 
CH3CCH; CH4CHCH;CI | 
Cl | 
ixx = x 9х1 = 9 | 
% l-chloro-2-methylpropane = 9 i 0.64 | 
94x 
9 = 0.64 (9+х) 
9 = 5.76+0.64х 
3.24 = 0.64х | 
x з= 5 | 
It is 5 times easier for a chloride radical to remove а hydrogen atom from: | 
a tertiary carbon than from a primary carbon. | 
5 a.3 c. 5 e. 5 g.2 i.4 | 
b. 3 d. 1 f. 5 h. 1 


6. Note: the denominator used in each of these problems is obtained by adding the numerators. 


a. CH,CH,CH,CH,CH,Cl CH,CH,CH,CHCH, снусн,снсн;сн; 


СІ СІ 
6х1 = 6 4х3.8 = 15.2 2х 3.8 = 7.6 
awe = 21% E - 5396 25 = 26% 
28.8 28.8 8.8 
Qm в о gb с 
b. CICH,CHCH,CH,CHCH, CH3CCH;CH;CHCH; СНҘСНСНСН;СНСН; | 
Cl CI | 
12x1 = 12 2x5 - 10 4х3.8 = 152 | 
15.2 
275 2 32% 372 = 27% 312 = 41% 
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үш, уш, сн; 
с. CICH;CHCH;CH;CH, снұссн;сн;сн; CH;CHCHCH;CH; 
Cl Cl 
6х1 = 6 1х5 = 5 2х3.8 = 76 
© = 214 : 17% tO. 26% 
292 ^ ý РЕ 292 ^ ^ 
сњ сњ 
CH;CHCH;CRCH, CH3CHCH;CH;CH;CI 
Cl 
2x38 = 7.6 3х1 = 3 
7.6 3 
EO M — = 10% 
9.2 209 29.2 
7. 
Br 
a. CH4CH;CHCH; CH4CH;CH;CH;Br 
4x82 - 328 6х1 = 6 
EC ы 98% 
328-6 — 334 ` 7 
CH; CH; 
| | 1600 
b. CH;CCH;CH;CCH, 9х1 = 9 
Br CH; 2x82 = 164 
other products 
1x1600 - 1600 2x82 - 164 
1600 6x1 = 6 
peu UU eM = 2 a 
1943 PET 1943 
8. 
єн; єн; 
CH;CCH; CH4CHCH,Br 
Br | 
1х1600 = 1600 9х1 = 9 
1600 eae | 
1609 ^ 99.4% for bromination compared with 


36% for chlorination 
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a. СН;СН,СН;СН;СН;Вг CH;CH,CHCH,CH; CH,CH;CH;CHCH; 
Br Br 
1 1 33% а 66% 
498 ^ № 498 У 498 ` = 
CH; CH; CH; CH; CH; CH; 
b. BrCH;CHCH;CH;CHCH, снуссн;сн;снсн; CH,CHCHCH;CHCH; 
Br Br 
12 3200 328 
—— = 03% Eo NN bcc MD 
3540 А TET 90.4% CUT 9.3% 
сва i сн, 
g. BrCH,CHCH,CH,CH, CH3CCH,CH,CH, CH;CHCHCH,CH, 
Br Br 
6 1600 164 
— ыў LON = 82. —— = 85% 
1937 ия 1937 = 82 Ve 1937 Bow 
сва cH 
CH;CHCH;CHCH, CH,CHCH,CH,CH,Br 
Br 
Hem x 8.5% — = 0.2% 
1937 v 1937 асы 
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10. а. Chlorination, because the halogen is substituting for a primary hydrogen 
b. Bromination, because the halogen is substituting for a tertiary hydrogen. 
c. Because the molecule has only one kind of hydrogen, only one monohalogenated product 
will be obtained by both bromination and chlorination. 


CH, CH, 
ee —_—_ > CY + HBr 


11. сү" 
2 + Bre --» 
m. 4 | | 


^ ii в ,CH3Br 
Br 
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12. Solved in the text. 


| 13. 
E CH; єн, CH; 
СІ 
а. CH;CHCH, Em СН;СНСН,СІ + CH;CCH; 
achiral Cl 
hiral 
a | сна CHC) 
b. CH3CH,CH,CH; e E ~ CH3CH;CH;CH;CI + Cr, + B! 
hv А CH;~ VH Нн" “су 
achiral Cl Cl 
chiral chiral 
enantiomers 
14. 
CH; 
a 
b 


а. 1. There are two sets of allylic hydrogens, a and b. Removal of one of the a allylic hydrogen 
atoms forms an intermediate in which the unpaired electron is shared by two secondary carb: 
Removal of one of the b allylic hydrogen atoms forms an intermediate in which the unpaired 


CH; Н.С Br 


С, О 


r 


2. Н.С Вг 3. Н.С Вг 4. CH; 
Br Br 
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b. 1. Each of the products has one asymmetric carbon. 
The R and the S isomer will be obtained for each product. 


CH; 


2. The product has two asymmetric carbons. 
Because addition of Br» is anti, only the products with the bromine atoms on opposite 
sides of the ring are obtained. 


Br CH; СН; Вг 


3. The products does not have an asymmetric carbon, so it does not һауе stereoisomers. 
Н.С Вг 


4. The product has two asymmetric carbons. 
Because radical addition of HBr can be either syn or anti, four products are obtained. 


psp Pg 


Br CH, CH, Br H CH, CHH 
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15. 
а. CH; —CHCHCH,;CH, + BrCH,CH=CHCH,CH, 
Br 


b. In the radical intermediate that leads to the major products, the unpaired electron 
is shared by a primary carbon and a tertiary carbocation. 


e 
CH4C--CH--CH, 
ЕЕ 


CH; CH; 
CH4C =CHCH,Br + CHsCCH=CH, 


А Вг 
major products 


In bromination, selectivity is much more important than probability, so even thou h 
twice as many hydrogens are available for removal by a bromine radical that leads to 
the minor products, they will be minor products because the easier to remove hydrogens 


Sg сн; 
Г. CH) ==C==CHCH 
go 27 CHCH, 
d c 
BrCH,C=CHCH, + CH,=CCHCH, 


minor products Br 


ee Ci 
с. CH;CH;CCH;CH;CH; d. €. no reaction 
Br major product 


СН›С1 CH, CH, CH; 


LEE o 4 


СН, СН, 
а. CH;CCH, b. CH, CH; CHCH,CH,CH, 
CH; 
dimethylpropane 


CI 
16. 


3-methylhexane 


18. 
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СНЗСНСН.СН: 
СН; 
2-methylbutane 


a primary alkyl halide 
СІСН;СНСН;СН; Substitution of any one of 6 hydrogens leads to this product. 
CH; percentage of this product that is formed = 36 
percentage formed per hydrogen available = 36/6 = 6 


CH4CHCHR;CH;CI Substitution of any one of 3 hydrogens leads to this product, 
ен, percentage of this product that is formed = 18 
percentage formed per hydrogen available = 18/3 = 6 


а secondary alkyl halide 


Cl 
CH,CHCHCH, Substitution of any one of 2 hydrogens leads to this product. 
CH, percentage of this product that is formed = 28 


percentage formed per hydrogen available = 28/2 = 14 


a tertiary alkyl halide 


Cl 
| 

CH;CCH;CH; Substitution of any one of 1 hydrogen leads to this product. 
CH; percentage of this product that is formed = 18 


percentage formed per hydrogen available = 18/1 = 18 


At 300 °С, the relative rates of removal of a hydrogen atom from a tertiary, secondary, 
and primary carbocation are: 


18: 14:6 = 3:23: 1 


In Section 9.3, we saw that at room temperature the relative rates are: 
2-5 2-84 1 


Thus we can conclude that at higher temperatures, there is less discrimination by the radical 
between a tertiary, seconday, and primary hydrogen atom. 


The chlorine radical is more reactive at the higher temperature (600°С), so it is less selective. 
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19. 


20. 


21. 


22. 
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Abstraction of а hydrogen atom from ethane by an iodine radical is a highly endothermic 
reaction (AH? = 101 - 71 = 30 kcal/mol; see Table 3.1 on p. 129 of the text), so the iodine 
radicals will reform 15 rather than abstract a hydrogen atom. 


CHCH, + I ——» снн, + HI 


101 kcal/mol 71 kcal/mol 
a. ÇH; 
d. СН;СНСН-СІ 5. 
Br CH; 
b. CH; CHCHCH;CH; е CH,CCH, Br 
Br Br СН. 
or h. 


BrCH,CH=CHCH,CH, qe 
HBr 


С 
| СН; СН; f. Br СН; 
QR. Y 
Br 


In b and c, because one product is under kinetic control and the other is under thermodynamic 
the major product will depend on the conditions under which the reaction is carried out. 


It is easier to break a C-H bond than a C-D bond. 

(Deuterium is an isotope of hydrogen; it has an additional neutron.) 

Because a bromine radical is less reactive than a chlorine radical, a bromine radical has a grt 
preference for the more easily broken С-Н bond. Bromination, therefore, would have a gre: 
deuterium kinetic isotope effect than chlorination. 

This is reminiscent of the relative rates of 1600 : 1 for bromination and 5 : 1 for chlorination 
removal of a hydrogen from a tertiary carbon versus from a primary carbon. 


a. Theoretically five monobromination products are possible, but some will be obtained 
in very small amounts. 


СН; СН,Вг Вг CH, СН. CH; СН; 
Вг = 
Вг, 
hv 
Br 
Br 


trol, 


23. 
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b. A bromine radical is very selective, much preferring to remove a hydrogen atom from a 
tertiary carbon than from a secondary or primary carbon. 1-Bromo-1-methylcyclohexane 
would be obtained in greatest yield because it is the only one formed by removing a hydrogen 


atom from a tertiary carbon. 
Br СН. 


с. The number of possible isomers for each compound is indicated below each structure. 


CH; CH,Br Br СН; СН; СН; СН; 
Вг 
Вг; 
— 
hv 
у Вг 

1 1 4 | Вг 
These have 0 These have 2 This has not have 
chirality centers. chirality centers. a chirality center. 


A total of 12 stereoisomers can be obtained. 


a. One difference between this reaction and the monochlorination of ethane is the source of 
the chlorine radical. This reaction has two sets of propagation steps because two different 
radicals are generated in the initiation step. This reaction also has several more termination 
steps because of the two different radicals generated in the initiation step. 


єн, сн, 
initiation | CH3COCI — CH;CO + Cl 


СН; СН; 
CH; E | 
сно: + СН,СН ——= CH4COH + СН.СН, 
propagation CH; CH; 
| cH. cH 
CH;CH, + CH;COCI —s CH;CH,Cl + CH3CO* 
СН; СН; 
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Ck + CHCH, ——» HCl + CH,CH, 


propagation CH; єн, 
CH;CH, + CH,COC| ——* СН,СН;С1 + CH,CO- 
СН; CH, 


CH;CH, + С" — CH,CH,Cl 


ә е Qm оң, 
CH3CO* + CH;CO* — CH3¢O—OCCH; 
CH; CH, CH, CH, 
CH; CH; 
| а SECOS + СІ — CH;COCI 
CH; CH; 
QN i 
CH,CO* + CHCH, ——= CH;COCH;CH, 
CH, CH, 
С" + CF — СІ, 
CH;CH, + CH,CH, ——» CH,CH,CH,CH, 
24. 
а. АН? = bonds broken = bonds formed 
сњ-н а—а сњ-а H-CI 
105 58 84 103 


АН? = [105 kcal/mol + 58 kcal/mol] — [84 kcal/mol + 103 kcal/mol] 


5 


163 -187 = -—24kcal/mol 


AH? 
b. СН-Н + "C —— “CH; + Н-<Іі 105 -103- 2 ксауто! 


"СН. + СІ--СІ ---»- СН;-СІ + “Сі 58 – 84 = –26 kcal/mol 
—24 kcal/mol 
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If you cancel the things that are the same on opposite sides of the equations and 
then add the two equations, you are left with the equation in "a" 


CH,-H + xí — ‘of, +на 


“08, + C—C — СНҢ;-СІ + ж 


СН, + Cl, —^ CH4CI + HCl 


25. The first propagation step is very endothermic, so it would not be able to compete with the 
first propagation step shown in Problem 24b. 
AH? 
CH;-H + "Cl ——» сн-а + Н 105- 84 = 21 kcal/mol 
H + а—а ——9 на + “СІ 58 —103 = – 45 kcal/mol 
| —24 kcal/mol 
26. Тһе methyl radical that is created in the first propagation step reacts with Br», forming 
bromomethane. 
Bre + CH, —> . СН; + НВг 
> СН; + Вг, — 


CHjBr + “Вг 


If HBr is added to the reaction mixture, the methyl radical that is created in the first propagation 
step can react with Br, or with the added HBr. Because reaction with HBr reforms methane, the 
overall rate of formation of bromomethane is decreased. 


Br- + CH, — “СН; + HBr 
“СН; + Br, — СН;Вг + 


“СН, + НВ ---- 


Вг 


СН. + Br 
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Chapter 9 Practice Test 


How many monochlorinated products would be obtained from the following reaction? 
(Ignore stereoisomers.) 

сы 
CH,CHCH,CH,CHCH, + Ch —Аы 


Give the first propagation step in the monochlorination of ethane. 


When (S-)-2-bromopentane is brominated, 2,3-dibromopentanes are formed. Which of the 
following compounds are not formed? 


CH; СН; СН; CH, 

H Br Br H Br H H Br 

H Br H Br Br H Br H 
CH,CH, CH,CH; CH;CH; CHCH, 


Determine the AH? of the two propagation steps in the monochlorination of ethane, using 
Table 3.1 on page 129 of the text. 


Label the radicals in order of decreasing stability. (Label the most stable #1.) 
CH,CH,CH,CH=CH, CH,CH,CHCH=CH, 


CH,CH,CH,CH=CH CH,CHCH,CH=CH, 


Give the product(s) of the following reactions, ignoring stereoisomers: 


CH, 
a. A 
+ NBS —— 
peroxide 


A 
b. CH,;CH,CH=CH, + NBS — = 
peroxide 
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7. а. Give the products that will be obtained from monochlorination of the following alkane at room 
temperature: (Ignore stereoisomers.) 


CH, CH, 
CH,CCH;CH,CHCH, + Ch ae 
CH, 


b. What product will be obtained in greatest yield? 


c. What product would be obtained in greatest yield if the alkane were brominated instead of 
chlorinated? 


8. Calculate the yield of 2-chloro-2-methylbutane formed when 2-methylbutane is chlorinated in 
the presence of light at room temperature. 


CHAPTER 10 
Substitution Reactions of Alkyl Halides 


Important Terms 


aprotic solvent à solvent that does not have a hydrogen bonded to an oxygen or to a 
nitrogen. 

backside attack nucleophilic attack on the side of the carbon opposite to the side bonded to 
the leaving group. 

base a substance that accepts a proton. 

basicity describes the tendency of a compound to share its electrons with a proton, 

bimolecular involving two molecules. 

complete racemization formation of a pair of enantiomers in equal amounts. 

dielectric constant a measure of how well a solvent can insulate opposite charges from one 
another. 

elimination reaction a reaction that removes atoms or groups from the reactant to form a т bonc 

first-order reaction a reaction whose rate is dependent on the concentration of one reactant. 

intimate ion pair results when the covalent bond that joined the cation and anion has broken 


but the cation and anion are still next to each other. 


inversion of configuration turning the carbon inside out like an umbrella so that the resulting product 
has a configuration opposite to that of the reactant. 


ion-dipole interaction the interaction between an ion and the dipole of a molecule. 
kinetics the field of chemistry that deals with the rates of chemical reactions. 
leaving group the group that is displaced in a nucleophilic substitution reaction. 


Le Chátelier's principle states that if an equilibrium is disturbed, the components of the equilibriun 
will adjust in a way that will offset the disturbance. 


nucleophile an electron-rich atom or molecule. 
nucleophilicity a measure of how readily an atom or molecule with a lone pair attacks an 
atom. 


nucleophilic substitution а reaction in which a nucleophile substitutes for an atom or group. 


reaction 
partial racemization formation of a pair of enantiomers in unequal amounts. 
protic solvent a solvent that has a hydrogen bonded to an oxygen or to a nitrogen. 


rate constant describes how difficult it is to overcome the energy barrier of a reaction. 


rate law 


second-order reaction 
51 reaction 
Sn2 reaction 


solvent-separated ion pair 


solvolysis 
steric effects 


steric hindrance 


substitution reaction 


unimolecular 
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the equation that shows the relationship between the rate of a reaction and 
the concentration of the reactants. 


a reaction whose rate is dependent on the concentration of two reactants. 
а first-order nucleophilic substitution reaction. 
à second-order nucleophilic substitution reaction. 


results when the cation and anion are separated by one or more solvent 
molecules. 


reaction with the solvent. 
effects due to the fact that groups occupy a certain volume of space. 


refers to bulky groups at the site of a reaction that make it difficult for the 
reactants to approach each other. 


à reaction that changes one substituent of a reactant for another. 


involving one molecule. 


в. 
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Solutions to Problems 
1. It decreases the magnitude of the rate constant, which causes the reaction to be slower. 
2. 
CH4 Ta CH, 
CH3CH,CH,CH,CH,Br > CH4CHCH;CHjBr > CH3;CH,CHCH,Br > CHSCECCBE 
CH, 
3. a. Solved in the text. 
b. The 532 reaction of (R)-2-bromobutane with hydroxide ion will form (S)-2-butanol. 
с. The 532 reaction of (S)-3-chlorohexane and with hydroxide ion will form (R)-3-hexanol. 
d. The Sw2 reaction of 3-iodopentane (it does not have an asymmetric carbon) with hydroxid 
ion will form 3-pentanol (it does not have an asymmetric carbon). 
4. 
а. RO because КОН is a weaker acid than RSH. 
b. RS because it is less well solvated by water. 
5. a. aprotic b. aprotic €. protic d. aprotic 
6. Solved in the text. 
7. 


a. CH;CHjBr + HO- НО” is a stronger nucelophile than НО. 


b. CH;CHCH;Br + НО” The alkyl halide has less steric hindrance. 


CH; 
с. CH4CH;Cl + CHjS. CH3S'" is a stronger nucleophile than СНҘО” 
in a solvent that can form hydrogen bonds. 
d. СЊСЊВг + Г Br” is a weaker base than СІ7 


so Вг“ is a better leaving group. 


10. 


12. 
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Solved in the text. 


a. Reaction of an alkyl halide with ammonia gives a low yield of primary amine because 
as soon as the primary amine is formed, it can react with another molecule of alkyl halide 
to form a secondary amine. 


b. The alkyl azide is not treated with hydrogen until after all the alkyl halide has reacted with 
azide ion. Therefore, when the primary amine is formed, there is no alkyl halide for it to react 
with to form a secondary amine. 


In each reaction, the conjugate acid of the leaving group is stronger than the conjugate acid of the 
nucleophile. That means the leaving group is the weaker base (better leaving group). 


H,O HCI RC=CH HBr 
рКа = 157 рка = -70 рКа = 25 рКа = -9.0 
How Hr HC=N HI 
pK, = 7.0 рКа = -9.0 рКа = 9.1 рКа = -10.0 

КОН HI + 
РКа = 15.5 рКа - -10.0 МН, НВг 
pK, = 9.4 рКа - -9.0 
RSH HBr 
рКа = 105 pKa = -9.0 CH,CH,NH,CH, HI 
МН: HCI PKa = 10.8 рКа = -10.0 
рКа = 36 рКа = -7.0 
+ 
a. CH3CH,0CH, c. СН;СН,М(СН;); Вг” 
b. СН;СН;Һ; d. СН;СН,8СН;СН; 


_ acetone, 
CH,CH;C| + КГ ===  CH,CHj + K'Cr 
S K* CI precipitates out 


in acetone, which drives 
the reaction to the right. 


CH, 


CH3CBr > CH;CHBr > СН.СН.СН.Вг > CH3Br 
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14. Because ethyl bromide and methyl bromide cannot dissociate to form a carbocation (the 
carbocation is too unstable to be formed), the alkyl halides have to react by ап Sy2 pathway. 
The nucleophile (H,O) is very weak, so the $42 reactions are very slow. 


15. 
cH 
CH4CH;CCH;CH; 2 CH;CHCH;CH;CH; > Сене ЊЕН > 
Вг Вг а 


CICH;CH;CH;CH;CH, 


16. а. The secondary carbocation that is formed initially will undergo а 1,2-hydride shift to form ; 


tertiary carbocation. 
GH СН; 
+ 
и. — CH,CHCCH;CH; 


CH; CH; 


b. The secondary carbocation that is formed initially will undergo а 1,2-hydride shift to form: 
tertiary carbocation. 


` ‚СН; ( р ЖАҢ; 
+ 
+ 


с. The secondary carbocation that is formed initially will undergo a 1,2-methyl shift to form a 
tertiary carbocation. 


CHs Сн; 
+ + 
онын Зенон; ———= CH,CH,C—CHCH; 
CH; CH; 


d. The same substitution product will be obtained from Sy1 and 542 reactions. Notice that 
because the configuration of the asymmetric carbon is not specified, the configuration of th 
product cannot be specified. If the configuration at C-4 were specified, one stereoisomer 
would be obtained from ап Sy2 reaction (the product with the inverted configuration 
compared to the configuration of the reactant), and two products would be obtained (one w: 
the inverted configuration and one with the retained configuration) from an $м1 reaction. 


e. This alkyl halide cannot undergo ап Sy1 reaction because an Sy1 reaction would require t 
formation of an primary carbocation. It can only undergo an 5м2 reaction. So no product 
would form in an SnI reaction. 


f. The same substitution product will be obtained from SN1 and 552 reactions. However, the 
5:42 reaction would be quite slow because of steric hindrance. 


18. 


Chapter 10 285 


CH; CH; CH; 
CH;—CHCCH, —— СН,--СНССН; --»- СН;СН-ССН; + Cl 
СІ О 
И _ | _ 
CH4CO CH,CO 
CH; сн; 
CH;—CHCCH, CH,CH=CCH, 
обсн, снзсо 
O O 


The trans isomer will be formed in greater yield because the departing bromide ion can block the 
approach of the incoming nucleophile to the side of the carbocation vacated by the bromide ion. 


1. The reactant does not have any asymmetric carbons. 
The 512 reaction proceeds with back-side attack. 


H Br H H 
СЊО_ 
Sn2 
CH; H CH; OCH; 
2. The reactant does not have any asymmetric carbons. 


The 52 reaction proceeds with back-side attack. 
OH 


H H 


TI р 
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| 20. Because the rate of an 5ң1 reaction is not affected by increasing the concentration of the 
nucleophile, while the rate of ап $2 reaction is increased when the concentration of the 
nucleophile is increased, you first have to determine whether the reactions are SN1 ог 512 
reactions. 


a is an SN2 reaction because the configuration of the product is inverted compared wit} 
the reactant. 

b is an 5қ2 reaction because the reactant is a primary alkyl halide. 

c is an $31 reaction because the reactant is a tertiary alkyl halide. 


Because they are 542 reactions, a and b will go faster if the concentration of the nucleophile i; 
increased. 


Because it is ап Sy1 reaction, the rate of c will not change if the concentration of the nucleoph 
is increased. 


21.  trans-A-Bromo-2-hexene is more reactive in ап Sn1 solvolysis reaction, because the carbocati: 
that is formed is stabilized by electron delocalization. (It is a secondary allylic carbocation.) 
The carbocation formed by the other alkyl halide is less stable because the secondary carbocat 
cannot be stabilized by resonance. 


H CH,CH H СН-СН 
Ner 2772773 A У 293 Be CH, 
= = -—— C—C 
/ X UE (^N и + 
енн CH3CH CH4CH H 
Br 
22. 
a. CH4CH;CHI I is a weaker base than Br, зо Г is a better leaving group. 
b. СН-ОСН-СІ The electron-withdrawing methoxy group increases the 
? DR electrophilicity of the carbon bonded to the leaving group. 
3 
c. CH,CH,CHBr This compound has less steric hindrance. 
св, 
d. CH,CH,CHCH,Br А primary carbon is less sterically hindered than а secondary 
carbon. 
e ( Soci A primary carbon is less sterically hindered than a secondary 
carbon. 
f. (5 сым Nucleophilic attack cannot occur on an sp? hybridized carbon. 


г. CH3CH=CHCHCH; Nucleophilic attack cannot occur on an sp? hybridized carbon. 
Br 
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23. 

a. CH,CH,CH,I Г is a weaker base than Br, sol is a better leaving group. 
b. CH.OCH«CI The methoxy group stabilizes the carbocation by resonance 

ош: electron donation. 
с. The two compounds are equally reactive. 

CH; 

d. СН;СН;СН;СНВг A secondary carbocation is more stable than a primary carbocation. 

e. С У-снсисн, А secondary carbocation is more stable than a primary carbocation, 
Br 
f. фу: А benzyl cation is more stable than an aryl cation. 
8. CH;,CH—CHCRCH; Ап allyl cation is more stable than a vinyl cation. 
Br 
24. 
СНО 
a CH;CH=CHCH,Br э CH,;CH=CHCH,OCH, 
+ 
b. CH3;CH=CHCH,Br ---»- CH;CH=CHCH, = CH,CHCH=CH, 
[emo [cro 
CH3;CH=CHCH,0OCH; + CH,CHCH—CH; 
OCH; 
25, 


а. Ап Sy? reaction, because of the high concentration of a good nucleophile. 


CH;CH; 


не. 
CH4CH;CH;O 


CH; 
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b. An Sw? reaction, because а good nucleophile is used. 


CH,CH;CH; 
H ии‘ с 


CH; 
Н.М+ 


Even though ammonia is not negatively charged, it is а good nucleophile. 

Recall that an amine is a much stronger base than an alcohol. 

(The рКа of a protonated alcohol is ~ —2.5. The рКа of the ammonium ion is 9.4; 
see Appendix II in the text.) 


с. Ап 5у2 reaction, because of the high concentration of a good nucleophile. 


d. An Sy] reaction, because a poor nucleophile is used. Notice that the initially 
formed secondary carbocation rearranges to a more stable tertiary carbocation. 


Б c OCH; 
CHO 
+ 


The product does not 
have a chirality center. 


e. Ап 5,2 reaction, because of the high concentration of a good nucleophile. 
EG HS 


сну "B 
ОСН, 


f. Ап Syl reaction, because a poor nucleophile is used. 


сн;сн, — 


CH, aN 
CHO OCH, 
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b. An Sw? reaction, because а good nucleophile is used. 
На 


"С 
Hy N 
CH 
H4N* 3 


Even though ammonia is not negatively charged, it is a good nucleophile. 

Recall that an amine is a much stronger base than an alcohol. 

(The рКа of a protonated alcohol is ~ —2.5. The рКа of the ammonium ion is 9.4; 
see Appendix II in the text.) 


с. An Sy? reaction, because of the high concentration of a good nucleophile. 
H 


ZACH; 
OCH, 


d. An Syl reaction, because a poor nucleophile is used. Notice that the initially 
formed secondary carbocation rearranges to a more stable tertiary carbocation. 


= NN OCH, 
СНО 
+ 


The product does not 
have a chirality center. 


e. An Sy2 reaction, because of the high concentration of a good nucleophile. 


CH;CH; 


сн NH 
OCH, 


f. An Sy] reaction, because a poor nucleophile is used. 


сн;сн; CH;CH; 
Cue 

CH4O res ње “о 

3 3 
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26.  8.Solvedin the text. 


a ko[2-bropróbutane] [НОЈ 
$02 +51 | ka[2-bromebutane] [HO] + k,[2-bromgbutane]} 

$2 _ 3.20х10° x 1х10° _ 3.20 x 10? - 320 0) 
52 +51 — 320х10% «4150x105  3.20x10%+150x10% — 153 ` 


2% 


| 


27. а. Increasing the polarity will decrease the rate of the reaction because the concentration of 


charge on the reactants is greater (the reactants are charged) than the concentration of charge 
on the transition state. 


ғ 


Increasing the polarity will decrease the rate of the reaction because the concentration of 


charge on the reactants is greater (the reactants are charged) than the concentration of charge 
on the transition state. 


с 


Increasing the polarity will increase the rate of the reaction because the concentration of 


charge on the reactants is less (the reactants are not charged) than the concentration of charge 
on the transition state. 


a. СН,Вг + HO ——- СНОН + Вг” 
НО is a better nucleophile than H5O. 


b. CHI + HOT ——— CHOH + r 
I” is a better leaving group than СІ? 


+ 
c. СН,Вг + МН; — CH3NH, + Bro 


NH, is a better nucleophile than H,O. 


d. СН.Вг + НО" DM CH,0H + Br^ 


DMSO will not stabilize the nucleophile by hydrogen bonding. 


EtOH + д 
e. CH3Br + NH, —> СН.МН. + Вг 


The more polar solvent will be more able to stabilize the transition state. 
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г) 29. — Solved in the text. 


' 30. ^ Acetate ion will be a more reactive nucleophile in dimethyl! sulfoxide because dimethyl sulfox 
а" will not stabilize the nucleophile by hydrogen bonding, while methanol will stabilize it by 
; hydrogen bonding. 


31. Only an $541 reaction will give the product with retention of configuration. Since the Snl 
reaction is favored by a polar solvent, a greater percentage of the reaction will take place by an 
Syl pathway in 50% water/50% ethanol, the more polar of the two solvents, 


32. 
а. СНОН b. CH3NH, с. CH,SH d. CH,SH е. CHOCH; f, CH,NH,CH, 
| 
| (Notice that the product in "c" is not protonated because its рКа is ~ -7; the product in "f" is 
| protonated because its рКа is ~ 11). 
33. a. . 3222?» ]? 


1 

2. An $1 reaction is not affected by the strength of the nucleophile, but a weak 
nucleophile favors an SN1 by disfavoring an SN2 reaction. 

- Ап Syl reaction is not affected by the concentration of the nucleophile, but a low 
concentration of a nucleophile favors an SN! by disfavoring an SN2 reaction. 

- If the reactant is charged, ап $1 reaction will be favored by the least polar solvent 
that will dissolve the reactant. 
If the reactant is not charged, an Sy1 reaction will be favored by a protic polar 
solvent. 


ы о 


. 1°>2°>3° 

- A strong nucleophile favors an SN2 reaction. 

А high concentration of a nucleophile favors an SN2 reaction. 

If the reactant is charged, an SN2 reaction will be favored by the least polar solvent 
that will dissolve the reactant (generally an aprotic polar solvent). 

If the reactant is not charged, ап Sw2 reaction will be favored by a protic polar 
solvent. 


Pee 


34. If the atoms are in the same row, the stronger base is the stronger nucleophile. If the atoms are in 


a. НО с. HS e Г 


b. NH, d. HS" f Br^ 


35. 


36. 


37. 


38. 


39. 
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The weaker base is the better leaving group. 


a. H,O с. H5S e. I 
b. МН, d. HS f. Br^ 
2 > ll 
a. HO c. HS е. CH4NH, 8. СЊСО 
b. СНО” d. CH,CH,S™ f. “C=N h. СН.С=С” 
= я I 
а. CH3CH,S > СН.СН.О > CH4CO c. МН. > H,O 


The рКа would increase (it would be a weaker acid) because of a decreased tendency to form a 
charged species in a less polar solvent. 


а. The 5қ2 reaction proceeds with inversion of configuration. 


CH,CH,CH H CH CH CH 
i ею CHO | 2-10. H3 
Cus т == „С. 
вг \"Н H'/ “осн, 
CH; СН; 
(R)-2-bromopentane or (S)-2-pentanol 
CH;CH;CH; " CH,CH,CH, 
3 — CH, OCH, 
H H 
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b. The $м1 reaction proceeds with racemization (either complete or partial). 


(CHCH, _ Есон; | actae, 
но 

С... EX TS + „©“ 

Br ХН H'/ “он но“ \"H 
CH, CH; CH, 

(R)-2-bromopentane or (S)-2-pentanol (R)-2-pentanol 

CH;CH;CH; TES CH;CH;CH; CH;CH;CH, 
B CH; ——- сн, он + но— сн, 

Н Н 


с. trans-1-Chloro-2-methylcyclohexane exists as a pair of enantiomers. The 542 reaction 
proceeds with back-side attack. 


9-9 9.6 


H CH, Н.С OCH,  CHjO0 CH, 


d. trans-1-Chloro-2-methylcyclohexane exists as a pair of enantiomers. The asymmetric carbon 
is lost when the carbocation that is formed in the Sy1 reaction undergoes a 1,2-hydride shift. 


+ ———— + —>- CHOH 
+ + 
Н.С H H,C СН; СН 


H CH, з СЊО 


e. 3-Bromo-2-methylpentane exists as a pair of enantiomers. The asymmetric carbon is lost 
when the carbocation that is formed in the SN1 reaction undergoes а 1,2-hydride shift. 


бе " e 
ЕН Но — CH4CHCHCH;CH; — CH;CCH;CH;CH; 
Br 
[non 
СН; 
CIBCGIDCHGCES 


OCH, 


40. 


41. 


42. 
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f. 3-Bromo-3-methylpentane does not have an asymmetric carbon. 


CH; CH; 

| CH4OH | 
CH3CH2CCH;CH; —>^ CC es 

Br OCH, 


Methoxide ion will be a stronger nucleophile in DMSO because DMSO cannot stabilize the 


anion by hydrogen bonding. 


^ 
[à 
Es 
us 
+ 
о 


e 


H,O 
с oe OH + На 


(CH,),CBr - 20, (сну,сон + HBr 


= 


The all-cis isomer is more reactive in an SN2 reaction. 


The nucleophile is less 
sterically hindered. 


The electron-withdrawing 
oxygen increases the 
electrophilicity of the carbon 
that the nucleophile attacks. 


Steric strain is decreased when 
СГ dissociates to form the 
carbocation in the rate-limiting 
step since the hybridization of the 
carbon atom changes from sp? 

to sp2, allowing the bond angle 
between the bulky groups to 
increase from 109.5? to 120°. 


Because the reactants are neutral, 
the reaction will be faster in the 
more polar solvent. 


Іп ап 512 reaction, the leaving group must be in an axial position in order to allow backside 
attack to occur without steric hindrance from the cyclohexane ring. When the bromine is in 
the axial position in the all-cis isomer, both methyl substituents are in equatorial positions, so 
the reaction takes place via the most stable conformer. In the other isomer, the conformer with 
bromine in the axial position (the reactive conformer) has both methyl substituents in less 


stable axial positions. 


H CH; 
H CH; 
CH; H 
H H 
H 
CH; Br Br 


2275 „парк Iv 


5 43. 
HO CHCHNH, + НВ" 
OH 
СНО ' 
HO CHCHjNH HO CHCHjNH 
| 2 2 | 2 2 
OH a OH 
О: Н--О: 
B: I ен, NH, 
| N^ ji 2 D 
| 
H, 
ааа -о;сснсн;сн, 
ОНОН ОНОН 
44. 
CH; 
а. СНО, 5 сн,о- Нн 
`с—с—= ог 
Бай es H;C——-H 
CH, CH CH, CH,CH, 
(2К,35) 
сн; 
b. СЊО 2 
w cci o ВО 
н“/ Н СН. 
CH; Н, (2R,3R) CH,CH, 
CH 
с. сн; H 3 
i С--С-“СН; ог Н ОСН: 
Hes / Мең Ке H4C——H 
СН;О 2 3 CHCH, 
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d. CH H T d 
| Ма CH;CH; or | H——OCH, 
Ни" И \ H CH, 
CH4O CH; 
у (25,3К) CH;CH; 
e СН-СН; qe CH,CH, CH,CH, 
* „С or H CH; + CH,—|—H 
< \"H н"/“есн 
СН (СН (CH3) 3 С(СН3)» C(CH3), 
OCH,CH, CH;CH,O OCH;CH; ÓCH;CH; 


The alkyl halide dissociates to form a carbocation that undergoes a 1,2-methy] shift. 
Because the carbocation is planar, the methly groups with its pair of electrons can add 

either to the top or the bottom of the carbocation. 

Therefore, the asymmetric carbon in the product can have either the R or the S configuration. 


f. K у—сшоснусн, 


45. а. We can predict that this is an 51 reaction, because acetate ion is а relatively weak 
nucleophile and the alkyl halide are sterically hindered. 


СН; СН; ТЕ; 
қалына CH; ——» CH3;CCH=CHCH,CH; <> CH3;C=CHCHCH,CH; 
СІ О о +С 
| CH,CO- | | CH,CO" 
бы К 
ӨН CBC ЊУ + СН;С--СНСНСН;СН; 
ор OCCH; 


Il 
О 
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47. 
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b. We can predict that this is an Sy1 reaction, because acetate ion is a relatively weak 
nucleophile. 


CH; CH; CH, 
— =» @ + BE 
Br + 
1 О 
| enco | nco 
CH, Q 
CH4CO, „CH, 
+ 
оссн, 
О 


а. The reaction with quinuclidine had the larger rate constant because quinuclidine is less 
sterically hindered as a result of the substituents on the nitrogen being pulled back into a ring 
Structure. 


b. The reaction with quinuclidine had the larger rate constant for the same reason given in a. 


c. Isopropyl iodide had the larger ratio because, since it is more sterically hindered than methyl 
iodide, it is more affected by differences in the amount of steric hindrance in the nucleophile. 


Because methanol is a poor nucleophile, the reaction will take place predominately via ап 5,1 
pathway. А secondary benzylic carbocation is more stable and, therefore, is easier to form than a 
secondary carbocation, so the product will be the one shown. 


Br 
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48. 
Вг, 
а. EU Br + HBr 
Вг; CH4OH 
b. кты Вг == OCH, + HBr 
Br; H,O 
с. Xe Br 22» OH + НВг 
49. 
" CH;CH; 
CH30 = CH40—]—H 
Heu N Н.С Н 
CH,CH; CHCH; CH,CH, 
(RAS) 
CH,CH; 
b. CH, Н 
A o c -сньсн, or СН.О Н 
н““ N H CH, 
СНзСН» CH, CH4CH4 
(ЗКАВ) | 
* CHCH - T2 
зе. с-«СН,СН) or н—ј-осн; 
Не N 
pud. Se Sp ae 
OSAR) CH;CH; 
а. cucH 1 сн;сн; 
ССН; or н—--осњ; 
Hwy 
CH,CH H,;C——H 
сн;0 ез 
: (35,49) CH4CH; 


50.  Tetrahydrofuran can solvate a charge better because the floppy ethyl substituents of diethyl ether 
provide steric hindrance, making it difficult for the nonbonding electrons of the oxygen to 
approach the compound to be solvated. 
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51. 
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н HO: 
m. 
" 2 OH 
3 3 CH, н.о CH, 


H 
b N 2) i 
———— 
5 / қ 1 Ее A CH3 
нұс” "CHCHs Н.С’ CHCHs н 
( Br 
| [so 
н,0:<у 
HH H 
H H aL C 
H x ope —— i | CH 
CH, CH; CH | *OH | 
Ше d 3 а 


52. 


53. 


54. 
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The cis isomer would be expected to react faster in an Sy1 reaction. 

The rate-limiting step in an ӛң! reaction is formation of the carbocation intermediate. 

Both isomers form the same carbocation. The cis isomer (with one substituent in the equatorial 
position and one in the axial position) is less stable than the trans isomer (with both substituents 
in the equatorial position). Since the cis isomer is less stable, it has the smaller energy of 
activation and, therefore, the faster reaction rate. 


Br H 
H Br 
(СНС Н (CH3)3C H 
H H H H 
cis-1-bromo-4-tert-butylcyclohexane trans-1-bromo-4-tert-butylcyclohexane 


A Diels-Alder reaction between hexachlorocyclopentadiene and 3,4-dichlorocyclopentene forms 
Chlordane. 


CI 


Ci а 
4 Cl 
СІ 
а! 
pi CI 


It will not undergo ал 52 reaction, because of steric hindrance to backside attack. 


It will not undergo an 51 reaction, because the carbocation that would be formed is unstable, 


since the ring structure prevents it from achieving the 120° bond angles required for an sp? 
hybridized carbon. 
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Chapter 10 Practice Test 


Which of the following is more reactive in an SN1 reaction? 


CH; CH, 
a. CH;CH,CH,CH,CHBr ог CH3;CH,CH,CHCH,Br 
Br Br 
b. CH,CH=CCH, or CH,CH—CHCRCH, 


Which of the following is more reactive in an SN2 reaction? 


CH; ссн, 
а. CH3CH,CHBr or CH4CH;CHBr 


Oe « О 


Which of the following alkyl halides forms a constitutional isomer as a result of an Syl reaction 
that is different from the isomer formed as a result of an SN2 reaction? 


CH; СН; НзС Вг CH; 


| | 
CIGCHCHGBS свеса (5 Вг 
Вг Вг 


Indicate whether each of the following statements is true or false: 


a. Increasing the concentration of the nucleophile favors an SNI reaction over 
ап Sn? reaction. T F 


b. Ethyl iodide is more reactive than ethyl chloride іп an 552 reaction. T F 


с. In an 531 reaction, the product with the retained configuration is obtained 


in greater yield. T F 
d. The rate of a substitution reaction in which none of the reactants is charged 

will increase if the polarity of the solvent is increased. T F 
e. An 5қ2 reaction is a two-step reaction. T F 


f. The pKa of a carboxylic acid is greater in water than it is in a mixture of 
dioxane and water. T F 
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Answer the following: 
a. Which is a stronger base, СНЗО“ or CH3S~? 


b. Which is a better nucleophile in an aqueous solution, СНЗО or CH3S ^? 


For each of the following pairs of 52 reactions, indicate the one that occurs with the greater rate 
constant: 


a. CH,CH;CH;C| + НО or CH;CBCH; + HO 


Cl 
b. CH4CH;CH;CI + HO^ or CH4CH;CH,I * HO 
c CH,CH,CH,Br + HO^ ог CH,CH;CHjBr + H,O 
Б CH407 
d. CH,CHCH, -CHi0 > о CH.CHCH, а= 
| HjO/CH4OH 1 | СИОН 
Вг 


e. BrCH,CH,CH;CH;NHCH, or | BrCH;CH;CH;NHCH, 


Circle the aprotic solvents: 


a. dimethyl sulfoxide b. diethyl ether c. ethanol d. hexane 


How would increasing the polarity of the solvent affect the following? 
a. the rate of the SN2 reaction of methyl amine with 2-bromobutane 
b. the rate of the SN1 reaction of methyl amine with 2-bromobutane 


c. the rate of the 542 reaction of methoxide ion with 2-bromobutane 


d. the pK, of acetic acid 


e. the pK, of phenol 
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Elimination Reactions of Alkyl Halides * Competition Between Substitution and Elimination 


Important Terms 


anti elimination 


anti-periplanar 
bifunctional molecule 
dehydrohalogenation 
deuterium kinetic 


isotope effect 


elimination reaction 


B-elimination reaction 


or 
1,2-elimination reaction 


ЕІ reaction 
E2 reaction 
intermolecular reaction 
intramolecular reaction 


kinetic isotope effect 


regioselectivity 


syn elimination 


syn-periplanar 
target molecule 


Williamson ether 
synthesis 


Zaitsev's rule 


an elimination reaction in which the substituents being eliminated are 
removed from opposite sides of the molecule. 


parallel substituents on opposite sides of a molecule. 

a molecule with two functional groups. 

elimination of a proton and a halide ion. 

ratio of the rate constant obtained for a compound containing hydrogen 
and the rate constant obtained for an identical compound in which one or 


more of the hydrogens have been replaced by deuterium. 


a reaction that removes atoms or groups from the reactant to form a bond. 


an elimination reaction where the groups being eliminated are bonded to 
adjacent carbons. 


a first-order elimination reaction. 

a second-order elimination reaction. 

a reaction that takes place between two molecules. 
a reaction that takes place within a molecule. 


a comparison of the rate of reaction of a compound with the rate of reaction 
of a compound in which one of the atoms has been replaced by an isotope. 


the preferential formation of a constitutional isomer. 


an elimination reaction in which substituents being eliminated are removed 
from the same side of the molecule. 


parallel substituents on the same side of a molecule. 
the desired end product of a synthesis. 


formation of an ether from the reaction of an alkoxide ion with an alkyl 
halide. 


the more stable alkene product is obtained by removing a proton from the 
B-carbon that is bonded to the fewest hydrogens. 
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Solutions to Problems 


a. НС The alkene that is formed is more stable than the 
Br alkene that is formed from the other alkyl halide. 


Br 
b. CT Br is a better leaving group (weaker base) than CI. 


CH; 


c CH;CH,CH,CCH, Тһе alkene that is formed is more stable than the 
| alkene that is formed from the other alkyl halide. 


Br 
i 
d. CH4CCH;CH4CI The other alkyl halide cannot undergo an E2 reaction 
ен, because it doesn't have апу B-hydrogens. 


2. The reaction of 2-bromo-2,3-dimethylbutane with sodium tert-butoxide forms two alkene 
elimination products. Because of steric hindrance, the least stable alkene (2,3-dimethyl-1-butene) 
is the one that is easier to make. 


CH; CH; _ CH, CH; CH, CH, 
| (CH34CO | 
сну —снсн ———-»> CH-C—CHCH, + CH,C==CCH, 
Br 
2-bromo-2,3-dimethylbutane 2,3-dimethyl-1-butene  2,3-dimethyl-2-butene 


2,3-dimethyl-1-butene 


Free Energy 


2,3-dimethyl-2-butene 
2-bromo-2,3-dimethylbutane 


>= 
Progress of the Reaction 
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3. 
а. CH,CH—CHCH, Removal ofa P-hydrogen from the most substituted carbon 
forms the most stable "alkene-like" transition state. 
b. CH,=CHCH,CH, Removal of a f-hydrogen from the least substituted carbon 
forms the most stable "carbanion-like" transition state. 
СН; 
с. CH,C=CHCH,CH, Removal of a f-hydrogen from the most substituted carbon 
forms the most stable "alkene-like" transition state. 
d. CH,CH=CHCH=CH, The f-hydrogen is removed that will lead to a conjugated 
alkene. 
é The -hydrogen is removed that will lead to a conjugated 
alkene. 
Ен» 
f. CH;CHCH=CHCH, Removal of a B-hydrogen from the least substituted carbon 
forms the most stable "carbanion-like" transition state. 
4. 
ст, 
а. СН;СНСНСН;СН; It forms the more stable alkene; the alkene has а greater 
br number of substituents bonded to the sp2 carbons. 
It forms is more stable alkene; the new double bond 
b. is conjugated with the double bond that is already there. 
Br 
с. CH;CH,CHCH,CH, It has four hydrogens that can be removed to form an 
Br alkene with two substituents on the 5р2 carbons so it has 


a greater probability of an effective collision with the 
nucleophile than the other alkyl halide that has only two 
such hydrogens. 


d. & -enenenon, It forms the more stable alkene; the new double bond is 
b. conjugated with the phenyl substituent. 
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5, 
бн 
оов 
СН; Вг 
3-bromo-2,3-dimethylpentane 
CH; CH; CH 
єн 6000 > VEDO CHEN > CH;CHCCH;CH; 
CH, CH, CH; 
Four alkyl substituents are Three alkyl substituents are Two alkyl substituents are 
bonded to the 5р2 carbons. bonded to the sp? carbons. bonded to the sp? carbons. 


6. The major product is the one predicted by Zaitsev's rule, because the fluoride ion dissociates 
in the first step, forming a carbocation. Loss of a proton from the carbocation will follow 
Zaitsev's rule, as it does in all E1 reactions. 
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8. 
a. Е2 beause a strong base is used. e. El because a weak base is used. 
CH4CH—CHCH, CH; 
СН;С--ССН; 
b. ЕІ because а weak base is used. UM 
CH,CH=CHCH 1 
ы : f. E2 because а strong base is used. 
c. El because a weak base is used. CH; 
CH; CH;CCH—-CH; 
CH3;C=CH, CH, 
d. E2 because a strong base is used. Notice that even though the same alkyl halide 
CH, is used in "е" and "f", different products are 
obtained because the carbocation that forms 
СН;С--СН, under 541 conditions rearranges. 
9. 
a. 
E2 kaltert byi bromide] [НО-] 
= T 
E2 4 El kolrert-bupy bromide] [HO] + k;[rert-byfl bromide] 
E27. i 7.1х10° x 5.0 _ 35.5 х 107 - 355 _ де 
EZ2-El 71х10° x 50 + 15х10° 35.5х105 + 1.5х105 37 
= 96% 
b. 

E2 71x10? x2.5x 10? 1.78x 107 1.78 129 
ЫБмМмо дд = == = 1247 
E2+El 71x10? x2.5x10? 4150x107 178x107 +150х107 152 

10. 


CH; 
| 
а. 1. СН;СН;СН--ССН; No stereoisomers are possible. 


2. CH,CH, H 
“с= с” The major product has the bulkier group bonded to one 


/ sp? carbon on the opposite side of the double bond from 
H (7 the bulkier group bonded the other sp? carbon. 


The major product is the conjugated diene with the 
С--С bulkier groups on opposite sides of the double bond. 


N 
H CH=CH, 


b. In none of the reactions is the m 
the R or S enantiomer. 


ajor product dependent on whether you started with 


11. 


12. 
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a. Solvedin the text. c. 80 Н d. CH, 
ЖТС 
т Н.С сн,сн;сн; 
b. CH,CH,CH=CCH, 


Elimination occurs when the H and Br to be eliminated are in axial positions. 


When Br is in an axial position in the cis isomer, it has an axial hydrogen on each of the adjacent 
carbons. The one bonded to the same carbon as the ethyl group will be more apt to be the one 
eliminated with Br because the product formed is more stable and, therefore, more easily formed 
than the product formed when the other H is eliminated with Br. 


When Br is in an axial position in the trans isomer, it has an axial hydrogen on only one adjacent 
carbon, and it is not the carbon that is bonded to the ethyl group. Therefore, a different product is 
formed. 


cis-1-bromo-2-ethylcyclohexane trans-1-bromo-2-ethylcyclohexane 
Br Br 
H H 
CH,CH, H 
Н CH,CH, 
H | Н 
+ НВг H + HBr 
1-ethylcyclohexene 3-ethylcyclohexene 
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13. In order to undergo ап E2 reaction, the substituents that are to be eliminated must both be in 


axial positions. 


When bromine and an adjacent hydrogen are in axial positions, the large tert-butyl substituent 
is in an equatorial position in the cis isomer and in an axial position in the trans isomer, 


Because a large substituent is more stable in an equatorial position than in an axial position, 


elimination of the cis isomer occurs throu 
the trans isomer has to occur through its 1 
reacts more rapidly in an E2 reaction. 


Br 


H 
(CH;)3C H 


H H 


cis-1-bromo-4-tert-butylcyclohexane 


14. 
СН 
3 
а | CH40^ 
Cl (CH5CH; 
(S)-2-chlorohexane 
[^ 
ТТ! CHOH 
H' N SNUEI 
d (CH), CH, 
(S)-2-chlorohexane 
+ 


gh its more stable chair conformer, while elimination of 
ess stable chair conformer. The cis isomer, therefore, 


Br 


H 
H H 


(CH3)3C H 


trans-1-bromo-4-tert-butylcyclohexane 


H 
T5 НС. / 
+ C=C 
ин HCH, CH, 
еп, 
CH3(CH)); OCH, major elimination produc 
(R)-2-methoxyhexane 
HU А 
| С=С, 
СН.С 
НЗС minor СР2СНА 


+ CH, =CHCH,CH,CH, 
minor 


сн, бн, 


C. + nec 
NH H' \ 


СНзСНз осн, СНО 
(R)-2-methoxyhexane 


CH,CH; 
(S)-2-methoxyhexane 


HC, H н он 
с=с i C=C 
H CH;CH,CH, H;C 


major elimination product ПОЕ 


+ CH;—CHCH;CH;CH;CH, 
very minor 


“ 
CH,CH,| — 
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Я“ e es CH40 СН. 
— due 
а . d SN2/E2 


d. 
222. т 
СІ + а SNUEI LP A 


* ,2-hydride shift 
СН; 
+ 


c 


Tm сн; T 
е. 
"С f. И + С. 

H' N H'" C P “H 
CH40 СН;СН; CH40 CHCH, CHCH, OCH; 
Н.С Н Н 

ES / \ ры 59% P. HS ры 

„С=С, + С=с, с=с, + (С=С, 
Н СН; Н.С СН; Н CH; Н.С СН; 


major elimination product minor major elimination product minor 
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15. 


16. 


17. 


18. 


19. 
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Br is the weakest base so it is the best leaving group, and F is the worst leaving group. 
It is easier to break a C—H bond than a C—D bond, so the more Й-һудгорепв that are replaced by 
a deuterium, the slower the rate of the E2 reaction will be. 


vH Hs CH; тз Да 
CH;C—Br > сње-а > СЊС-Е > Снр—Е > CD.C-F 
CH, сн, сн, CD, CD, 


The rate-limiting step in an E1 reaction is carbocation formation. Because the proton is removed 
у . r + + 

in a subsequent fast step, the difference in the rate of removal of ап Н versus aD” would not be 
reflected in the rate constant. Therefore, the deuterium kinetic isotope effect would be close to 1. 


Because CH3S" is a stronger nucleophile and weaker base than СНЗОУ, the ratio of substitution 
(where CH3S* reacts as a nucleophile) to elimination (where CH3S" reacts as а base) will 
increase when the nucleophile is changed from СНЗО- to СН357. 


In order to undergo an elimination reaction under E2 conditions, the substituents that are to be 
eliminated (H and Br) must both be in axial positions. Drawing the compound in the chair 
conformation shows that when Br is in an axial position, the adjacent hydrogens are in equatorial 
positions, so an elimination reaction can't take place. 


CH; 
CH; 


Br 


а. 1. no reaction b. 1. primarily substitution 
2. noreaction . substitution and elimination 


3. substitution and elimination . Substitution and elimination 


һы шш WW 


. elimination 


4. substitution and elimination 
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СН; 
CH CH,Br 
CH4 
1-bromo-2,2-dimethylpropane 


a. The bulky tert-butyl substituent blocks the backside of the carbon bonded to the bromine to 
nucleophilic attack, making an 52 reaction difficult. An $м1 reaction is difficult because the 
carbocation formed when the bromide ion departs is an unstable primary carbocation. 


b. It cannot undergo ап E2 reaction, because the В-са оп is not bonded to a hydrogen. 


It cannot undergo an Е1 reaction, because that would require formation of a primary 
carbocation. 


Because a strong base is used in the Williamson ether synthesis, the reaction is ап $42 reaction, so 
a competing 22 reaction can also occur. 


а. CH;CH;CH5Br + CH;CH,CH,CH,O ———» CH,CH,CH,CH,OCH,CH,CH, 
butyl propyl ether 
+ СН;СН-СН, 
propene 


b. CH,CH,CH,CH,Br + CH,CH,CH,O- — CH3;CH,CH,CH,0CH,CH,CH, 


butyl propyl ether 
+ CH,CH,CH=CH, 
1-butene 
(Ha 15 CH,CH,CH,B Gis 

а. CH,CH,CHOH № CH,CH,CHO —3— 2 2. CH,CH,CHOCH,CH,CH 
3 2 3 2 3 2 2 3 

өр (у сњ 

b. сњсон — зе CH;CO Вы. ( )-oten 
CH4 CH; i CH, 


! | ар } 
|| | | 312 Chapter 11 
| 


| — | {У сн» 
| с. он --- Ou =н 2 CH,O 


- CH,CHB 
d. CH;CH;CH,CHCH;OH _Ба CH;CH;CH;CHCH;O pe 


CH; CH; CHSCH;CH;CHCH;OCE 


üi CH, 


Е HCE Т 


в СН; 
CH,CH,OH —№ > CH4CH;O ————— CH3CH;CH;CHCH;0C 


CH, 


Both methods can be used to synthesize the target molecule. The first method is preferred 
because ethyl bromide has less steric hindrance than does 1-bromo-2-methylpentane. 


23. E 
3 CH, CH; CH; 
l CH,CH,O l l | 
CH;C-Br TU 2 CH,C-OH + CH,C-OCHCH, + CH,C=CH, 
CH; ? CH, CH, 
24. 
сн; CH; CH, 
а. CH,CHCHCH;CH; се CH,CHCHCH,CH, + CH,C=CHCH,CH; 
М 
Br OH 


The $2 reaction will form the substitution product with the inverted configuration compared to 
the configuration of the starting material. But, because the configuration of the starting material is 
not specified (we do not know if it is the R isomer, the 5 isomer, or a mixture of К and 5), we 


cannot specify the configuration of ће $42 product. . 


CH, HO CH, L2-hydride СН; 


CH;CHCHCH;CH; = CH;CHCHCH,CH, #5. cH,CCH,CH,CH, 
N + 


|е 


ÇH; Ves 
CH,C=CHCH,CH, + CEC COE 
OH 


Br 
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H 
[is Ho. НС, „СН: H4C, CHCH; 
b. СО СНА SED C= ч + „С== 3 
Br " H CH;CH; H CH; 
minor 
үз us (Нз Н.С CH 
dilut 3-4 РА 3 
CH;CH,CCH,CH,; —— CH,CH,CCH,CH, + --С 
| | SNUEI | н“ ‘CH,CH 
! Вг ОН 2-4 
H3C, CH4CH, 
C= 
| Н» 
Н Ininor 


25. — Because an allene is less stable than an alkyne, it is harder to make. 


26. 


Sn because it forms a six-membered ring, 
nM En while the other compound 
would form a seven-membered ring. 
А seven-membered ring is more strained than 
a six-membered ring so the six-membered ring 
is formed more easily (see Table 2.9 on p. 96 of the text). 


b. НОЈ ~ УК because it forms а five-membered ring, 
Br while the other compound 
would form a four-membered ring. 
А four-membered ring is more strained than 
à five-membered ring so the five-membered ring 
is formed more easily. 


© тат because it forms а seven-membered ring, 
while the other compound 
would form an eight-membered ring. 
Ап eight-membered ring is more strained than а seven- 
membered ring so the seven-membered ring is formed 
more easily; also, the Br and OH are less likely to be 
in the proper position relative to one another for reaction 
because there are more bonds around which rotation 
to an unfavorable conformation can occur in the compound 
that leads to the eight-membered ring (Section 24.6). 
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27. 


28. 
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HB 
HOCH,CH,CH,CH=CH, — > HOCH;CH;CH;CHCH; ZU. 


Br О СН 


The synthesis shown in the text will give a higher yield of the target molecule because the alkoxide 
ion attacks the back-side of a primary alkyl halide. 

In the synthesis shown above, the alkoxide ion attacks the back-side of a secondary alkyl halide 
which provides greater steric hindrance to back-side attack. Therefore, there will be greater 
competition from the E2 reaction that will form an elimination product, reducing the yield of the 
desired substitution product. 


a. () Br, о HO” b 
hv Br OH 
B Br Е Вт ий 
b. Ф on, CY (CH3)CO Q Bo, СТ | Si 
2 "он 


МаН 


Вг 


E CH=CH, СНСН.Вг = C=CH 
E Br; NE 
СН;СІ, excess 


1. disiamylborane 
2. НО“, Н,О;, H20 


О 
|| 


i CHCH 


d. CH,CH;CH,CHBr 


(Notice that a bulky base is used to 
encourage elimination over substitution.) 
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tert-BuO. 
— CH3;CH,CH=CH, Eoo CH;CH,CHCH,Br 


Br 


NH, 
ехсеѕѕ 


T H,O 1. NH 
CH3CH,CCH,CH,CH; = CH3CH,C=CCH,CH, «<———*— CH;CH,C=CH 
2 4 


e. BrCH,CH,CH,CH,Br 


сн, 
а С==< 
/ 
Н 
CH, 
b poe 
/ 
H 


2.CH,CH,Br 


ter-BuO- CH=CH) 


—== CH,—CHCH-CH, — > 
excess 


(1,3-butadiene is both the 
diene and the dienophile) 


d. Q 8. The product depends on the confi guration 


of the reactant, which has not been specified. 


If the reactant is cis. 


CH; 
o^ а 
e. 


If the reactant is trans. 
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30. 
СН; H 
a. b C=C 4 d. g CH; 
/ X 
H CH; 
СНА Ж сн; 
Ь XT \ е. 
H CH; 
СНА P CH; 
| с. C= f. СТ 
| Н CH,CH, 
31. a. 


1, 3° >2° > 1" 

2. Ап El reaction is not affected by the strength of the base, but a weak base favors ап. 
reaction by disfavoring an E2 reaction. 

3. An El reaction is not affected by the concentration of the base, but a low concentratii 
of a base favors an El reaction by disfavoring ап E2 reaction. 

4. An aprotic polar solvent favors an E1 reaction if the reactant is charged. 
А protic polar solvent favors an E1 reaction if the reactant is not charged. 


1. 3°>2°>1° 

2. А strong base favors ап E2 reaction. 

3. A high concentration of a base favors an E2 reaction. 

4. An aprotic polar solvent favors an E2 reaction if either of the reactants is charged. 
A protic polar solvent favors an E2 reaction if neither of the reactants is charged. 


32. Тһе predominant product is the elimination product because tertiary alkyl halides react with 
nucleophiles to form an elimination product and little substitution product. 


CH; CH; 
ене + CH4CHO- ——- CH4C-—CH, 
СІ predominant product 


Rather than a tertiary alkyl halide and a primary alkoxide ion, he should have used a primary 
alkyl halide and a tertiary alkoxide ion. 


єн, CH; 
CH;CH,Cl + снсо ---- CH;COCH,CH; + сі” 
сн; CH, 
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4 tHe 
a. (СН,);СІ HO "C-CH, + Г 
H,O , 
HC 


Because Г is a better leaving group than Cl- 


CH This compound is the only one that can undergo an 
3 E2 elimination reaction because the other compound 
does not have a hydrogen trans to the Br. 


This compound will undergo an elimination reaction 
more slowly because it can react only by an El pathway. 


The very minor products that would be obtained from “anti-Zaitsev” elimination (i.e., the less 
substituted alkenes) are not shown. 


a. НОА, p CH4CH;CH, СН. 
С=С + == 
у M к С 
Н СН. Н Н 
minor 
b. сн;сн;сн, 3 H CH4CH;CH; 9; 


/ 
=C + = 
/ x 2 es 
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f. CH4CH H CH 
3 2 \ / CHCH, № / 3 
C=C + Cz с 
CH; CH, сн/ Н 
minor 


35. a. ethoxide ion because elimination is favored by the bulkier base, and tert-butoxide ion is bul 
than ethoxide ion 


b. "SCN because elimination is favored by the stronger base, and ОСМ is a stronger base th; 
“SCN 


с. Вг” because elimination is favored by the stronger base, and СГ is a stronger base than Br 


d. СН;5- because elimination is favored by the stronger base, and CH4O is a stronger base 
СН;8- 


36. Тһе first compound has two axial hydrogens adjacent to Br, the second has one axial hydroge 
adjacent to Br but it cannot form the more substituted (more stable) alkene that can be formed 
the first compound. The last compound cannot undergo an E2 reaction because it does not ha 
axial hydrogen adjacent to Br. 


CH, CH; CH; 
> > | 
Вг "Br "В 
CH; 
H CH, CH; 


Br Br Br 


3. 


38. 
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a: S, А CH;);CO- 
peroxide | А 


Вг 


Notice that a bulky base and heat аге used in the last step to encourage 
elimination over substitution. 


1. NH 
b. CHCH CH=CH, ИНЕ. CH4CH;CH;CHjBr — > CH;CH,CH,CH,NH, 
peroxide 2. HO- 


After the 5,2 reaction with МНз, the solution is made basic so the final amine product 
is in its basic form. 


HB У 
с. HOCH,CH,CH=CH, с HOCH,CH,CH,CH,Br -№- 'OCH,CH,CH,CH,B: 


| 
Q 


d. 
O = О, == Q 
ы Вг OCH, 


NBS, A (CH44CO 
€ CH,CHCH-CH, ——» = = = 
єп» 2 то CH;CHCH-CH, — > CH;—CHCH-CH; 
Br 
CH; CH, СН, CH, - CH; СН; 
сн;с--Снсн; ase CH,—C—CHCH, + CH,C—CCH, 
Br 2,3-dimethyl-1-butene 2,3-dimethyl-2-butene 
CH;CH; 
a. CH,CH,CO™ Because it is the most sterically hindered base, 
it gives the highest percentage of the 1-alkene. 
CHCH; 
b. CH,CH,O° Because it is the least sterically hindered base, 


it gives the highest percentage of the 2-alkene. 


——MM— —— —— . —_——_—_—— €: 
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39, 
a. These аге Sy2/E2 reactions. 


—— 
СНОН 


а CHCH, E не 
CH407 Н; Қ 
CH40H 
onn Cl Hae H CH,CH 


b. Only the substitution products are optically active. 


с. 
сн;о 2 
CH4OH 


H CHCH, CH,0 IN CHCH; 
CH; CH; 
CH,07 
—> + 
CH4OH 
ont ч снуен осн; CH,CH 
єн; ен; сн; 


Yes, all the products are optically active. 


d. The cis enantiomers form the substitution products more rapidly because there is less steric 
hindrance from the adjacent substituent. 


e. The cis enantiomers form the elimination products more rapidly because the alkenes formed 
from the cis enantiomers are more substituted and, therefore, more stable. The more stable thi 
alkene, the lower the energy of the transition state leading to its formation. 


4. 


41. 
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a. s Br eps а! Me, 
mr 6% = @ ond C (X 
272 "а а 
Вг ОН 
а Вг 2 BuO 
tert- 
OO у з) = у но, 


The number of atoms in the ring is given by n. Three and four membered rings have strain, so 
they are harder to make than 5 and 6 membered rings. The three-membered ring is formed 
faster than the four-membered ring because the compound leading to the three-membered ring 
has one less carbon-carbon single bond that can rotate to give a conformer in which the reacting 
groups are positioned too far from one another for reaction. 


P 

Br 

ki T 

H;N ~ zs pm 
СН; сн; 


Even though the compound that forms the five-membered ring has one more bond that can rotate to 
give a conformer in which the reacting groups are positioned too far from one another for reaction 
than the compound that forms the four-membered ring, the five-membered ring is formed faster 
because it is relatively strain free. So lack of strain more than makes up for the lower probability of 
having the reacting groups in the proper position for reaction. 


Now the rate of the ring-forming reaction gets slower as the size of the ring being formed gets 
larger, because the reactant has more bonds that can rotate to give conformers in which the reacting 
groups are positioned too far from one another for reaction. 


> | а m 
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42. In an 22 reaction, both groups to be eliminated must be in axial positions. 
When the bromine is in the axial position in the cis isomer, the tert-butyl substituent is in the mo 
stable equatorial position. 
When the bromine is in the axial position in the trans isomer, the tert-butyl substituent is in the }, 
stable axial position. 
Thus, elimination takes place via the most stable conformer in the cis isomer and via a less stable 
chair conformer in the trans isomer, so the cis isomer undergoes elimination more rapidly. 


Br Br 
H H 
(CH3)3C H H H 
H H H 


(CH3)3C 
cis-1-bromo-4-tert-butylcyclohexane trans-1-bromo-4-tert-butylcyclohexane 
43. 
Br 

OH & \ О OCH,CHCO 

K5CO, a || || 

——— Br Pack) HCOCHS — 2 О 
он ОН y, Br OH +В 


lo. 


О OCH,CHCC 
O СОСН; or 
i 


44. Because (ће )-сагбоп from which the hydrogen is to be removed is bonded to only one hydroge 
the configuration of the reactant determines the configuration of the E2 elimination product. 


To determine the configuration of the product, convert the prospective formula of the Fischer 
projection to a staggered a Newman projection, in which the groups (H and Br) that are to be 
eliminated anti to one another. (Remember that the Fischer projection of the reactant shows the 
molecule in an eclipsed conformation, since both horizontal bonds are pointing toward the viewe 
Thus the elimination product formed from (25,35)-2-chloro-3-methypentane is the E isomer. 
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3 


CH CH 
CH,CH 
a. CH3 H CH; 2 3 HS CH, 
н"/ \ CH H 
CH,CH, 3 H Br 


(25,35)-2-chloro- RE CHCH, 
3-methylpentane 


о од 


СН; 
СН 
«а 3 


CH,CH, 


CH; 
CH CH;CH 
b. CH3, BH 3 АНУ Ни сн;сн; 
«С--С-“СН;СН; ог Н Вг 
н"/ “ен Н CH; = 
3 
95 сн,сн, FR d H г 
, (2S,3R)-2-chloro- 3 ami CH 
3-methylpentane 
C 


3 
[xe 
H; 


CH4CH 
S е3 
Сн» 
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CH; CH 
с. Br H ҮН» CHCH: eu CH, 
„ССН: or  В тј Н 
ну “снсн СН 3 
Cs idit: CH,CH, Copr `H ы 
(2R,3S)-2-chloro- CH, 
3-methylpentane 
|с 
T 
C. 


| 
сн; 


СН; CH; 
d. Br H СН; СН;СН; СН) Н 
ес =Сн,сн, ог ВГГН 
|. СН; 3 r 
сн,сн, Pr cH, 


(2R,3R)-2-chloro- CH,CH, 
3-methylpentane 

[eos 

d 

Cw 
H 

nc 
| 
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In order to undergo an E2 reaction, a chlorine and a hydrogen on an adjacent carbon must be trans 
to one another so they can both be in the required axial positions. Every Cl in the following 
compound has a CI trans to it so no C] has a hydrogen trans to it. 


СІ 
С, Ке 


СІ : Cl 


Que 


46. Тһе silver ion increases the ease of departure of the halogen atom. 


e `A n+ 
CH,CH—CHCH,-Br:^ + Ag —> CH,CH-—CHCH;-Br:Ag ———» CH,CH=CHCH, 


+ AgBr 
47. For a description of how to do this problem, see Problem 44. 
CH,CH, CH;CH; 
a. CH;CH, H ақ CHCH, сн, 
с" CH, о яв 
Н"" 
К. CH;CH, EL 
СН-СН; r 
(35,45)-3-бгото- ыз» 


4-methylhexane 


tx 


CHQ Н сн;сн, сн,сн; 
T 0—6 0% ог CHO-]-H + eu 
" 3 
CH,CH, CH,CH, CH,—-—H H 
CH,CH, ret 


326 Chapter 11 


ЖЕ : b. CH;QH, H СН;СН; CHCH, H, | 
TE 'C—C-4CH;CH, or H Br 
} 1" 
не N H CH, 
CH он 
Вг : CHCH ИН Br E 


CH,CH, CH,CH 
(3S,4R)-3-bromo- CH, CH, 


4-methylhexane 


CH;Q | H CHCH; CH,CH, 
Ps EE сно--н + 
Н", \ ог ( 
H—]—CH 
CH4CH, CH; 3 H 
CH,CH, 
CH, 
СН;СН; CH,CE 
JC—C-—CH;CH, ог Br-T-H 
НУ — Neg H—|-—CH, : | 
CH4CH,; 3 CH,CH, НЕ; Н Г 
| (3R,4R)-3-bromo- СН: СНОС 


4-methylhexane 


CH,C 
CH,CcH, A CH;CH; C 
<--с-“СН;сн; nuo T У |! 
ни" N or IE: “С 
сн,0 сн; H 3 
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CH;CH; Coe 
d. BR di (и СН; сн,сн, 
ст CH ог 
CH, ifa JE CS 3 base 
СН.СН CHCH, 
Ви СН;СН; Hm. 


(3R,AS)-3-bromo- еш 
4-methylhexane 
Би 
CH,CH, 
H CH,CH 
„6—68 ог H—L-OCH, + CH,CHy~¢ 2 
CH H “сн,сн CH,;—}—H | 
CH4Ó CH, 
CHCH; CH; 


48. 
a. CH,;CH,CD=CH, and CH,;CH,CH=CH, 
b. The deuterium-containing compound results from elimination of HBr, while the non- 
deuterium-containing compound results from elimination of DBr. The deuterium-containing 
compound will be obtained in greater yield because a C—H bond is easier to break than a 
C—D bond. 
49. 


Н.С CH, НС, сн; НС, сн; 
Вг осн; 
"nh 
+ 
+ Вг 


1,2-alkyl - biis shift 


нұс, OCH; 
СН. CH; сн, сн; 
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H 
СН; CH4O CH; 
CI H 
Sn2/E2 
CH; у CH; осн, 
There is only a substitution product. 
The reactant does not undergo elimination be 
when Cl is in an axial position, there is not ar 
adjacent hydrogen in an axial position, 
H В Н 
e СНО " 
3 dilute CH; CH H 
— 3 
C ош AT 
+ 
CH; H СН; СН; 
| CH; 
H | OCH, | 
CH; OCH; 
CH; CH; CH; 71057 
СН СН СН 
CH; OCH, 3 3 СН; 3 Н 
СН; СН;О 
Н Н 
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Chapter 11 Practice Test 
Which of the following is more reactive in an E2 reaction? 
a. ( Sonn, or 82... 
Вг 


b. CHCH CHCH, or СН, ОМА HCH, 
Br Br 


Which of the following compounds would give the greater amount of substitution product under 
conditions that would give an SN2/E2 reaction? 


CH; CH, 
CUT EE or CH4CHBr 
CH; 


What products are obtained when (К )-2-bromobutane reacts with CH30-/CH3OH under 
conditions that favor S1/E1 reactions? Include the configuration of the products. 


What alkoxide ion and what alkyl bromide should be used to synthesize the following ethers? 


CH; 
а. CH,CH,COCHCH;CH, 
| CH; 
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5. For each of the following pairs of E2 reactions, indicate the one that occurs with the greater rate 
constant: 
a. CH;CH,CH,Cl + НО’ or CH;CHCH; + HO 
Cl 
b. CH;CH,CH,C] + НО œr CH,CH,CH,I + НО’ 
с. CH,CH;CHjBr + HO ст СН;СН,СН,Вг + H,O 
CH4Q* CH40* 
d. CHCHCH, | —» ог CH,CHCH, — 
"D ^? HO/CH,OH | СНОН 
Вг Вг 
CH; 
е. CEBEHCHS * HO^ or CH,CCH, + НО” 
Вг i 


6. Give the major product of an E2 reaction of each of the following compounds with hydroxide ion: 


CH, 


| 
zi (^ у снснснсн, 


Cl 


+ i 
Br 


bromo-2-methylcyclohexane? 


р 
с. а 
Вг 
o 
d. стисне 


Е 


а. Which would be more reactive in an E2 reaction, cis-1-bromo-2-methylcyclohexane or trans-1- 


b. Which would be more reactive in an El reaction, cis-1-bromo-2-methylcyclohexane or trans-1- 
bromo-2-methylcyclohexane? 


СНАРТЕК 12 


Reactions of Alcohols, Ethers, Epoxides, and Sulfur-Containing Compounds • 
Organometallic Compounds 


Important Terms 


alcohol 

alkyl tosylate 
alkyl triflate 
antibiotic 


arene oxide 


coupling reaction 
crown ether 
crown-guest complex 
dehydration 

epoxide (oxirane) 
ether 

Gilman reagent 


Grignard reagent 


Heck reaction 
inclusion compound 
mercapto group 


molecular recognition 


organocuprate 


organolithium compound 


organomagnesium 
compound 


organometallic compound 


oxirane (epxoide) 


an organic compound with an OH functional group (ROH). 

an ester of para-toluenesulfonic acid. 

an ester of trifluoromethanesulfonic acid. 

a compound that interferes with the growth of a microorganism. 


an aromatic compound that has had one of its double bonds converted 
epoxide. 


a reaction that joins two carbon-hydrogen cintaining groups groups. 

a cyclic molecule that possesses several ether linkages. 

the complex formed when a crown ether binds a substrate. 

loss of water. 

an ether in which the oxygen is incorporated into a three-membered rit 
a compound containing an oxygen bonded to two carbons (ROR). 

a dialkylcopper reagent used to replace a halogen with an alkyl group. 


the compound that results when magnesium is inserted between the ca 
and halogen of an alkyl halide (RMgBr, RMgCI). 


couples an aryl, benzyl, or vinyl halide or triflate with an alkene. 
a compound that specifically binds a metal ion or an organic molecule 
an SH group. 


the recognition of one molecule by another as a result of specific 
interactions. 


(R);CuLi; prepared by treating an organolithium reagent with cuprous 
iodide. 


RLi; prepared by adding lithium to an alkyl halide. 
RMgBr; prepared by adding an alkyl halide to magnesium shavings. 


a compound with a carbon-metal bond. 


an ether in which the oxygen is incorporated into a three-membered ги 


phase-transfer catalyst 
ring-expansion 
rearrangement 

Stille reaction 


sulfonate ester 


sulfonium salt 
Suzuki reaction 
thioether (sulfide) 
thiol (mercaptan) 
transmetallation 


vicinal diol (vicinal glycol) 
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a compound that carries a polar reagent into a nonpolar phase. 
rearrangement of a carbocation in which the positively charged carbon is 
bonded to a cyclic compound, and as a result of rearrangement, the size of 
the ring increases by one carbon. 

couples an aryl, benzyl, or vinyl halide or triflate with a stannane. 


the ester of a sulfonic acid (RSO;OR). 

(,S* X 

couples an aryl, benzyl, or vinyl halide or triflate with an organoborane. 
the sulfur analog of an ether (RSR). 

the sulfur analog of an alcohol (RSH). 


metal exchange. 


a compound with OH groups bonded to adjacent carbons. 
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Solutions to Problems 


| 1. The relative reactivity would be: tertiary > primary > secondary. 


If secondary alcohols reacted by an SN2 mechanism, they would be less reactive than priman 
alcohols because they are more sterically hindered than primary alcohols. | 


2. All four alcohols react by an Syl mechanism because they are either secondary or tertiary 
alcohols. 
+ 
а. CH,CH,CHCH, === CH;CH,CHCH, —> CH,CH,CHCH, + њо 
OH +OH 
H - 
һы 
CH;CH;CHCH; 
Br 
b. 
CH; и“ CH; CH, q- CH, 
| (Kou т он — = f (а 
H 
+ H,O 


The carbocation that is initially formed in с and the carbocation that is initially formed in d 
rearrange in order to form more stable carbocations. 


CH; Н? TS ÇH; 
с. CH;C—CHCH; == CH; C—CHCH; ——À- CH,C-CHCH, + но 
CH, ОН CHOH © CH; 
H secondary 
carbocation 
1,2-methyl 
shift 
ni - _' 
CH,C-CHCH, === CH,C-CHCH; 
Br CH; .. CH, 
tertiary 


carbocation 
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H 
cH, 9H CH, *OH CH, CH, 
+ 
d. CHCH; Нн" СНСН; CHCH; CH,CH; 
>= + 
— — 
L2-hydride 
shift | 
+ H,O кары : 
secon dary carbocation 
carbocation 
CH, 
CH;CH; 
СІ 


3. The stronger the base, the more difficult it is to displace. 
Water is a stronger base by about 7 рКа units than Br^; 
(the рКа of HBr = — 9; the рКа of CH3OH»5* = -1.7). 


Во“ + сн,бн —А = CHBr + HO 


Ammonia is a stronger base by about 18 рКа units than Вг”; 
(the рКа of HBr = ~ 9; the рКа CH3NHs;* = 9.4). 
Thus, ammonia is far too basic to be displaced by Вг. 


T 
Br +  CH4NH, ы. ча no reaction 


4. Solved in the text. 


5. All the syntheses below are shown to be accomplished by converting the alcohol into a sulfonate 
ester and then treating the sulfonate ester with the desired nucleophile: 


a could also have been carried out by converting the alcohol directly into the alkyl bromide with 
HBr; 


b-f could have been carried out by converting the alcohol into an alkyl halide and then adding 
the desired nucleophile. 
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а. CH,CH;CH,CH,oH 186. CH4CH;CH;CH,Br 


i 
b. CH3CH,CH,CHOH 0 сн,сн,сн,сн,оссн,сн, 
2. CHCH;CO 


1. ТӨСІ 
CH,CH,CH,CH,OH ae CH,CH,CH,CH,OCH, 
| 3 


б 


+ 
d. CH,CH,CH,CH;0H 1-39 = CH CH, CH,CH,NH,CH;CH; 
2. CH;CH,NH, 
jo 


CH3CH,CH,CH,NHCH,CH, 
Notice that in “d” a neutral amine (СНзСН2МН2) is used instead of CH3CH2NH,, because the 


weaker base (CH3CH2NHz) favors the desired substitution reaction, while the stronger base 
(СНзСН2МН-^) would favor elimination at the expense of substitution (Section 11.8). 


€ CHCH,CH,CH,OH 2-18. cu cu cg cus, 


2. Н25 
но 


СН;СН;СН;СН,5Н 
1. TsCl = 
6. The product of each reaction is an alkene. 


#50, 
CH,CH,CHCH, === CH;CH,CHCH,; ---»- CH4CH;CHCH, + H,O 
| A | + 
ОН TON | 


CH;CH=CHCH, + H4O* 


HO 
ОИ EHS —> CH4,CH-CHCH; + HO + Br 
Вг 


— самима IE CER Dn CERE ee PE c С 
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Recall that alkenes undergo electrophilic addition reactions, and the first step in an electrophilic 
addition reaction is addition of an electrophile to the alkene. The acid-catalyzed dehydration 


reaction is reversible because the electrophile (H*) needed for the first step of the reverse 
electrophilic addition reaction is available. 


Base-promoted elimination reaction of a hydrogen halide is not reversible because an 
electrophile is not available to react with the alkene. 


1-Bromo-1-methylcyclopentane would be formed because Вт” would react with the carbocation. 


If the carbocation were able to lose a proton before it reacts with Вг”, HBr could add to the 
resulting alkene, thereby forming the same alkyl halide as would be formed by addition of Br to 
the carbocation. 


CH Br 
" у Po NN CH; 
=- a 

| p 


CH; CH, CH,OH 
o OC а 
OH 


a. In order to synthesize an unsymmetrical ether (КОК!) Бу this method, two different alcohols 
(ROH and R'OH) would have to be heated with sulfuric acid. Therefore, three different ethers 
would be obtained as products. Consequently, the desired ether would account for 
considerably less than half of the total amount of ether that is synthesized. 


HSO 
ROH + ROH —— ROR + КО + ROR 


b. It could be synthesized by a Williamson ether synthesis. (See Section 11.9 on page 425 of the 
text.) 


. CH,CHjB - 
CH;CH,CH,OH —М CH,CH,CH,O ——À——ÀÀ CH,CH,CH,OCH,CH; + Br 
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10. 


CH, cH, 


. | | С 
| a. CH;CH,CHCH,OH b. B: og CHSCH:CHCH,CH; d. CY B; 
| ОН 


11. 


b. Because of the difficulty of forming a primary carbocation, dehydration is ап E2 reaction. 
The alkene that results is protonated and the proton that is removed is the one that results 
in formation of the most stable alkene. 


4 
+ , HOH H,0:— 
нон НО ISS 
AS B 
H H 5 
Se Саи СМО => (n 
6” осњбн 0” “CHOH б^ SCH, M 
+ H,O | 
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“% * + Н;О 
СН; сн; | CH, 
Br ‘Bri + 
Г = esI 
+ 
12. 
СНз H,$0, Ts CH 
a. ВЕН CHCH; Cc — CH;CH,C—CHCH, ——» НӨН CECH; 
t 
OHCH; "онснњ CH; + H,O 
CH, CH; 
H,0° + ‘c=c 
CH,CH/ CH, 
b UH *OH 
+ 
CHCH,CH, CHCH,CH, СНСН;СН; 
HSO 
ГТ pee iier N ——— — С >—сњев 
+ HO Б 
H; | 
но”, (Acn, s [O cnc, 
Loss of any one of four 
hydrogens leads to this product. 
Н; 


H,0: 


H 
+OH р 
МУ JH 
#50 — — Че o ah H40* 


OH 
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In "d" and "f^, the reactant is a primary alcohol. Therefore, elimination of water takes place þ 
an E2 mechanism. y 
i Because the dehydration reaction is being carried out in an acidic solution, the alkene that is 

| 4 formed initially is protonated to form a carbocation. The proton that is then lost from the 

| | carbocation is the one that results in formation of the most stable alkene. 


H,0: 
) н 
а. HSO 
Ch 7 or m Sl "a CÈ 
H + 
CH,OH СНОН CH; 


СН. CH; 
| H5SO | 
e. CH,CH;CH,CH-CCH; =. CH,CH;CH;CH-CCH, 
| он CH, ОН CH, 
ES CH, 
CHSCH CH Не + 
CH, 
[amets shift 
CH, CH CH; 
но” + DOM E 
3 C=C ——— CH;CH;CH;CH—CCH, 
\ 
CH;CH,CH/ Хн, CH, 
Н;50, р 
f. CH;CH;CH;CH;CH;0H iaa ИОН CH4CH;CH;CH-C 
+ Н; 
CH4CH | 
оК „СНз ссн ,H 
H4O* " j DE + » С: < CH;CH;CH;,CHC 
H H H CH, 
+ Њ 


major product 


13. 


14. 


15. 
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In the presence of excess HI, the alcohol that is formed when the ether is cleaved is subsequently 
converted into an alkyl iodide. 


HI 
СНҘОСН;СН,СН; — = СНУ + СН;СН;СН;ОН КАТ CH3CH;CH;I T H,O 


We saw that НСІ does not cleave ethers, because СГ is not a strong enough nucleophile. 


F^ is an even weaker nucleophile, so HF cannot cleave ethers. Therefore, ethers can be cleaved 
only with HBr or HI. 


Notice that if there is excess concentrated HI, the initially formed alcohol can be converted 
to an alkyl iodide in c, d, and f. 


a. Solved in the text. 


b. Cleavage occurs by an 5ң1 pathway because the benzyl carbocation that is formed is 
relatively stable; I~ will attack the benzyl carbocation. 


О 14) 


c. Cleavage occurs by an Syl pathway because the benzyl carbocation that is formed is 
relatively stable; Г" will attack the benzyl carbocation. 


CH;CH,CH,OH + ici 


H 
d. HOCH,CH,CH,CH,CH, Н. ICH,CH,CH,CH,CH,I + H,O 


OH  tautomerization 
e CHI + СІ „of the enol _ CY 


enol ketone 


f. Cleavage will occur by an Syl pathway because the tertiary carbocation that is formed is 
relatively stable; І" will attack the tertiary carbocation. 


T Ed 
I 
HOCH,CH,CH,CCH; BS. ICH/CH,CH,CCH, + H,O 
I I 
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| 
|, 
| 16. 
| | О H4C O CH, 
5 5 CH,CH,CH 
| 2 2 3 H,C CH, 
O 
О 
b. d. HC 
Н.С CH;CH; 
17. Two stereoisomers will be formed because the cyano group can attack either of the carbons that 
are bonded to the oxygen from the backside. 
OH C=N 
9 C=N : 
1. "CN oT. oe 
2. Н* 
18. 
OCH, ү ОН СЫЗ ОСН; ОН 
а. НОЕН ЕН) b. УНА а с. ВОВЕ ОСН 9. (ВИНА ЕН) 
CH, CH, CH; CH; 


19. 


The reactivity of tetrahydrofuran is more similar to a noncyclic ether because the five-membere 
ring does not have the strain that makes the epoxide reactive. 
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20. Тһе carbocation leading to 1-naphthol can be stabilized without destroying the aromaticity of the 
intact benzene ring. The carbocation leading to 2-naphthol can be stabilized only by destroying 
the aromaticity of the intact benzene ring. therefore, the carbocation leading to 1-naphthol is 


more stable. 
OH OH 
+ 
----------Зах- CS За 
+ 


carbocation that leads to 1-naphthol 
OH 
е” = 
OH OH 
— 
+ 


carbocation that leads to 2-naphthol 


21. 
without an NIH shift 


* DOH 


with an NIH shift 


D {бн {он 


D О x 
AAN ть H мн 
Н Н--ОН + shift 
—= Н » 
+ НО 
CH; CH; 
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| 16. 
O O 
| Н.С CH; 
7 "И сво ЧИН их 
і CH,CH,CH, 
| Н.С CH; 
О 
O 
b. d H,C 
17. 


are bonded to the oxygen from the backside. 


OH 
9 СЕМ 
1. "CEN MTS 
— + 
2.H* 
18. 
OCH, OH OH OCH, 
a. Pe HAH b. РС ЕН с. SIDENT ОСЫН; 
19. 


Two stereoisomers will be formed because the cyano group can attack either of the carbons that 


OCH, OH 
d. se у. 
CH; 


The reactivity of tetrahydrofuran is more similar to a noncyclic ether because the five-membere 
ring does not have the strain that makes the epoxide reactive. 
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20. Тһе carbocation leading to 1-naphthol can be stabilized without destroying the aromaticity of the 
intact benzene ring. The carbocation leading to 2-naphthol can be stabilized only by destroying 


the aromaticity of the intact benzene ring. therefore, the carbocation leading to 1-naphthol is 
more stable. 


OH 


— оо — СО 


+ 
carbocation that leads to 1-naphthol 


EN x d a d a 
AUN 


Ped eon B 
Ce 
Я 


carbocation that leads to 2-пар (По! 


21. 
without an NIH shift 
р o D>, OH OH 
ҒА (% Н 
Н Н--ОН 4 
— сен —— + DOH 
CH; СН; CH; 
with an NIH shift G 
т = ч D NOH ‘OH 
D О .. C OH 
= Pu Н NIB : D 
A : 
> shift H or 
2 
CH; CH; CH; СН. 
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22. Тһе epoxide opens in the direction that will give the most stable carbocation. Th 


€ carbocation 
undergoes an NIH shift and, as a result of the NIH shift, both reactants form the same ketone 
intermediate. Because they form the same intermediate, they form the same products. The 
deuterium-containing product is the major product because in the las 


t step of the reaction it is 
easier to break a carbon-hydrogen bond than a carbon-deuterium bond. 


но н он 
D но a NIH 
D 
D о D он мн Ce 
H H shift 
Od оро" 3 У 
OH OH 
D H 


major product minor product 


23. a. Solved in the text. 


b. The compound without the double bond in the second ring is more apt to be carcinogenic. 
It opens to form a less stable carbocation than the other compound because it can be 
stabilized by electron delocalization only if the ar 


omaticity of the benzene ring is destroyed. 
Because the carbocation is less stable, it is formed more slowly, giving the carcinogenic 
pathway a better chance to compete with ring-opening. 


о ~ 0H 
— OEY 
less stable carbocation 
О 


+O. moy 


more stable carbocation 
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24. Басһ arene oxide will open in the direction that forms the most stable carbocation. Thus, the 
arene oxide opens so the positive charge can be stabilized by electron delocalization from the 


methoxide group. 
О ОН 
С x: О» 
—> 


"ОСН: :ОСН, 


The агепе oxide opens to form the most stable carbocation intermediate, which is the one where 
the positive charge is father away from the electron-withdrawing NO, group. 


OH 
г < ОН А 
+ 
more stable less stable 


25. 


a. Note that a bond joining two rings cannot be epoxidized. 


О 
OM CR OND 
I n шо 


b. The epoxide ring in phenanthrenes II and Ш can open in two different directions to give two 
different carbocations and, therefore, two different phenols. 


OH 
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€. The two different carbocations formed by phenanthrenes II and III differ in sta 
One carbocation is more stable than the other because it can b 
without disrupting the aromaticity of the adjacent ring. The m 


= OD 


| | 
ONS . cO. 


major product minor product 


lif bility, 
е stabilized by resonance 
ore stable carbocation leads (с 


OH 


major product minor product 


d. Phenanthrene oxide I is the most carcinogenic because it is the only one that opens to form a 
carbocation that cannot be stabilized without disrupting the aromaticity of the other ring(s). 


26. 


а. CH;CH,SH HOL сн,сн,5- CHjCHjBr. CH3;CH,SCH,CH, + Вг” 


b. The reaction cannot be done with methanethiol and tert- 


butyl bromide, because a tertiary 
alkyl halide would form an elimination product 


rather than a substitution product. 


CH; CH, СН; 

C | но“ p CH;Br 

H3CSH o — CH;CS —— CHSCSCH; * Br 
CH; CH; CH, 


29, 
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| c. The highest yield is obtained by having the less substituted of the two R groups of the 


thioether be the alkyl halide and the more substituted be the thiol. 
CH; CH; CH; 
СН;СН-Вг 


| 7 [ - 
CH,—cHCHsH 2» сн,-снон — 2S CHQ—CHCHSCH,CH, + Br 


d. The synthesis must be done this way because the sp? carbon of the benzene ring cannot 
undergo backside attack. 


The first compound is too insoluble. 


The second compound is too reactive. 
The third compound is more soluble than the first because of the oxygen-containing substituent. 


The third compound is less reactive than the second because the lone pair can be delocalized into 
the benzene ring, so the lone pair is less apt to displace a chloride ion. 


a. CH4CH;,CH;CH;CH;OH b. (_ у—снсн,сщон с. { У-сњсњон 


О ОН 
CHCH; n CH,CH; 
a. CH4CH;M gBr Н . 
— > —— 


н,50, l^ 
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3 o` OH 
0 СН CH; 
5 b. CH4MgBr p 3 EL SUR CY 
| 
H,SO, ја 
CH; 


30. Solved in the text. 


31. АП the reactions occur because, in each case, the reactant acid is a stronger acid than the product 
acid (methane, pK, = 50). 


32. Because silicon is more electronegative than magnesium, transmetallation will occur. 


4 СНҘМЕСІ + 5ІС, --->- (СН,)45і + 4 MgCl 


33. Because the alkyl halide will undergo an elimination reaction instead of the alkyl group of the 
Gilman reagent substituting for the halogen. 


34. 


35. 


36. 
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CH3(CH2);CH5Br == CH4(CH5ACH4Li Cul (CH,CH)CH,CHCH,),CuLi 


CH4(CH2);. „(СВ CH9Br | 
С---С 


г 


H H 
СНЗ(СН,) 4, СН СН; 
С=С 


4 `~ 


H H 


CH,CH,CH,C=CH 
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38. 
өн; 
|| i. 
a. CH4CH4CH;OCCH; f. CH3CH;CH СОВ 
CH,0 OH 
b. CH3,CH,CH,CH,Br g. СН.СН=СНСН. 
с. сњенсн,сњо-( 7) h. CH3CHCH,CH,C! 
CH; СН; 
нн; 
4. CH;CH;CH- CCH; 1. { у—сшсшснон 
OH OCH, 
39. 


CH,CH,OH 


OH 
ý @ 
Н.С ОН 
| Фф 
он 
Gr 


The other alcohol cannot undergo dehydration because its 
B-carbon is not bonded to a hydrogen. 


А secondary allylic carbocation is more stable than a 
secondary carbocation. 


A tertiary carbocation is more stable than a secondary 
carbocation. 


The rate-limiting step in both dehydrations is carbocation 
formation: a secondary benzylic carbocation is more 


stable than a secondary carbocation and, therefore, easier 
to form. 
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OH 
e. енси Secondary alcohols undergo dehydration faster than primary 
alcohols. 
Cs 
f. СН;ССН;СН; A tertiary carbocation is more stable than a secondary 
ӛн carbocation. 


c is the only one that can be used to form a Grignard reagent. 


The Grignard reagent formed from a will be destroyed by reacting with the proton of the alcohol 
group. 


The Grignard reagent formed from b will be destroyed by reacting with the proton of the 
carboxylic acid group. 


The Grignard reagent formed from d will be destroyed by reacting with a proton of the amino 
group. 


41. Only one Sy2 reaction takes place in reactions “а” and "b", so the product has the inverted 
configuration compared to the configuration of the reactant. 


Two 5,2 reactions take place in reaction “с”, so the product has the same configuration 
compared to the configuration of the reactant. 


b р OH 


О 
Д, Í p HO 
a. CH,CH; Н +R—S—Cl — CH;CHj e c 
OH d D 


OSO,R 5м2 СНзСН; 


| inversion 
(R)-1-deuterio- (S)-1-deuterio- 
1-propanol 1-ргорапо] 
or 

CH,CH; 0 g H CH; a CH,CH, 
но-|-р + к — Нор ce н 

М 

H O inversion 
(R)-1-deuterio- бы ыле 
1-ргорапо! 1-ргорапо! 


rit! 
| [| 352 Chapter 12 
E 


| D О р 
| Д; H + R-S—Cl CH4CH Aon Ld Ll 
| m + зе» (= — — " 
| b. снусн/ VH | 3772 050,8 552 а 
! О inversion D 


R)-1-deuterio- 
| T cen (5)-1-deuteric 
1 -methoxyprc 


or 
H CH 

CHCH; C 2 3 CH;0 CH,CH, 

но—|-р + ва —= кар ее р- осн, 
М 
О H inversion H 

(R)-1-deuterio- (5)-1-deuterio- 

1-propanol 1-methoxypropa 


c. Since the desired product has the same configuration as the starting material, it can be 
synthesized using two consecutive reactions that each involves inversion of configuration. 
For example, treating the starting material with PBr, forms (S)-1-bromo-1-deuteriopropane 
followed by reaction of the alky halide with methoxide ion. 


An easier way to prepare the desired compound is to use reactions that don’t break any of th 
bonds to the asymmetric carbon. 


D D D 
m NaH а, СНУ Д, 
cuu AN H = Р СНзСН; EE 
OH O7 OCH; 
(R)-1-deuterio- (R)-1-deuterio- 


1-propanol ]-methoxypropane 


42. 2-hexene and 3-hexene 


H,SO 
CH,CH,CH,CH,CH,CH,OH —— CH,CH,CH,CH,CH=CH, 


N 


CH,CH,CH,CH=CHCH, -— CH;CH;CH;CH;CHCH; 


* 2-hexene 
P d +H 


CH;CH;CH;CHCH;CH; — CH,CH,CH=CHCH,CH, + CH,CH,CH,CH=CHCI 
3-hexene 2-hexene 
(сіз and trans) + H' (cis and trans) 


43. 
сн, 

а. CH,CBr + CH,CH;OH 
CH; 


b. CHCHCH,OH + СНУ 


сн; 
с. СН;СН;, „СНз 
EC 
сн/ сн, 
d. сна JOH; 
ро 
Сн; CH, 
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CH, H 


г. 
“OL 
сн;сн,сн; 


4. — 2,3-Dimethyl-2-butanol will dehydrate faster because it is a tertiary alcohol, while 3,3-dimethyl- 


2-butanol is a secondary alcohol. 
СН; 


CH,CH—CCH, 
CH, OH 


2,3-dimethyl-2-butanol 
a tertiary alcohol 


сн; 
снуен-ссн; 
он сн; 


3,3-dimethyl-2-butanol 
a secondary alcohol 


45. 
OH 
" H,SO, н, 
-------»- ------ 
А Pd/C 
$ OH 
b. CH; СН; 
1. CH4MgBr H,SO, 
= = — onal 
2.H A 
Br CH=CH), CH,CH,OH 


1. ВНУТНЕ 
ис: al 
2.H50,, HO 


c. Pd(PPh;), 
+ CH=CH, —> 
(CH4CH5AN 
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| MgCl CH,CH,OH 
| | 1. = oxide 
| oo 
| 
po 
CH;CH;CEN CH,CH,OTs 
Сем 
= 


МН E 
е. CH,CH,C=CH ——»- CH4CH;CEC 


Q + 
УА Мн 
1. Н›с——СН, 


СН,СН›С=ССН›СН;ОН 


HB 
t. CH,CHCH;OH — CH,CHCHjBr Mg CH,CHCH;MgBr 
CH; CH, tz сн; 


P din 
1.Н;С---<СН; 
2. H* 


CH,CHCH;CH;CH;OH 
CH; 


46. 


ES Кз 


ee | 
сныснсн-сн, + снб? -- CH,CHCH—CH;OCH; 
a | | са | 


О 
LUN _ 
CH4CH———CHCH;OCH, + Ci 
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47 a. If an МН shift occurs, both carbocations will form the same keto-intermediate. Because it is 
: about four times easier to break a C—H bond (Кз) compared with a C—D bond (k4), about 
80% of the deuterium will be retained. 


| NIH 
shift н | i шу 


Nw H OH 
OD C 


b. If an NIH shift does not occur, 50% of the deuterium will be retained because the epoxide can 
open equally easily in either direction, and Ку is equal to ko. 


н. OH p H ор 
ФАЗА учн 

Суу (5 у о. 
р OH 
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48. — 3-Methyl-2-butanol is a seconda 


ry alcohol and, therefore, will undergo an 511 reaction, 
The carbocation intermediate th 


at is formed rearranges to a more stable tertiary carbocation, 


CH; V Hs CH; CH, 

CH;CHCHCH; – CH,CHCHCH; ——»— CH3CH;CCH; — снұен,бсн. 

ОН Вг | 
3-methyl-2-butanol 


| g : 2-Methyl-1-propanol is a primary alcohol and therefore will undergo ап $2 reaction. Because 
| | carbocations are not formed in SN2 reactions, carbocation rearrangement cannot occur. 


m ү? ЄН» T 
iu CH,CHCH;OH a CH;CHCH,Br 
| ЈЕ 2-methyl-1-propanol 


49. 
| H4 CH; CH; CH; CH; CH CH, 
| H,C OH + и Сн 
| А — à СН; — 
CH; CH; Н; СН; 
Н.С CH; CH; 
CH, 
^ СН; 
+ Н + H* 4 H' 
50. 
CH,CHOH 
CH, 
[Na 
CH,CHO- 
| і 
H2SQ, E HBr CH; 
CH3CHOH еза CH,CH=CH, 27-5 СН;СН;СН,Вг —— CH;CHOCH,CH,C] 
peroxide 
CH, ён, 


isopropyl propyl ethe 
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Cyclopropane does not react with НО“, because cyclopropane does not contain а leaving group; 
a carbanion is far too basic to serve as a leaving group. Ethylene oxide reacts with HO- because 


ethylene oxide contains ап КО“ leaving group. 


Diethyl ether is the ether that would be obtained in greatest yield, because it is a symmetrical 
ether. Since it is symmetrical, only one alcohol is used in its synthesis. Therefore, it is the only 


ether that would be formed. 


52. 


The synthesis of an unsymmetrical ether requires two different alcohols. Therefore, the 
asymmetrical ether is one of three different ethers that can be formed. 


ET 


H ee 
a. HOCH,CH,CH,CH,OH == Рај А 


Н 
+O О К 
H,O + { ) — ( ) + НО 


53. 


b. 
i x " 
я + г — + :Вг: ——> HOCH,CH,CH,CH,CH,Br 
O О 
—Вг іл 
Y 


H 
| 
HO + BrCH,CH,CH,CH,CH,Br — ЕН 


6 — 


:Вг: 


54. 


а. NBS, A A (CHj),CuLi ee 
— Е” 
peroxide Br Et O CH 
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Cyclopropane does not react with НО“, because cyclopropane does not contain a leaving group; 
a carbanion is far too basic to serve as a leaving group. Ethylene oxide reacts with НО- because 


ethylene oxide contains ап КО” leaving group. 


Diethyl ether is the ether that would be obtained in greatest yield, because it is a symmetrical 
ether. Since it is symmetrical, only one alcohol is used in its synthesis. Therefore, it is the only 


ether that would be formed. 


52. 


The synthesis of an unsymmetrical ether requires two different alcohols. Therefore, the 
asymmetrical ether is one of three different ethers that can be formed. 


ЖО: 


H а 
а. HOCH,CH,CH,CH,OH === рн 


Н 
+O O А 
HO + { ). '——— "Y ) + НО 


53. 


b. (А 
А +. 
Ж + Н—Вг — + ВЕ — HOCH,CH,CH,CH,CH,Br 
О Q 
—Вг | А 
Y 


H 
| 
H,O + BrCH,CH,CH,CH,CH,Br —_— EO MC 


:Br: 


54. 


а. NBS, A A (CH,),CuLi A 
== у: < = 
peroxide Br Et,O CH, 


ІШ!! вы 
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| OH MgBr 
| ђ. РВг; 
: acc 

| = 


1. Zs 
2. H 
рр" 
CH, сн; CH; 
Н;50, | НВг | 
с. СН;ССН-СН-СН; —^ СН;С--СНСН;СН; — СН.СНСНСН.СН. 
o5 ^ peroxide 1 | 
r 


Ts ли ZI AE ME ui 


MgBr D 


е. СН.СН.СНЕСН, e CH;CH,CH,CH,Br — =  CH,CH,CH;CH,Li 
peroxide 


^ 
` 


use some of the, сајего 


product ofthe \ 

first step asthe “ 

reagent for this step м (CH,CH,CH,CH,),CuLi 
X 

CH,CH,CH,CH,Br | 


CH,CH,CH,CH,CH,CH,CH,CH 


TN 
[ 
носњсњосњена 7 % 
\ 
NS 
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—— CH, 


H,O : 
-—— HOCH,CH,OCH,CH,OCH,CH,O 


$5. 
О Ter 
/ 9 ВЕЕ | a К Co 
H4C —— CH, t HO: — CH,CH,OH У BN 
U қарқ 
HOCH;CH;OCH;CH;OCH;CH;0H 
+ HO 
56. 


O 


CH,CH,~ 


2 
2-ethyloxirane 


a. CH;CH;CHCH;OH 
| ОН 


0.1 М HC! is a dilute solution 
of HCl in water 


b. CH;CH,CHCH,OH 
OCH, 


с. CH;CH;CHCH;CH;CH; 
OH 


d. CH,CH;CHCH;OH 
OH 


е. CH,CH;CHCH;OCH, 
ОН 


57. Ethyl alcohol is not obtained as a product, because it reacts with the excess HI and forms ethyl 


iodide. 


CH,CH,OCH,CH, —H 


E d CH4CH;I 


CH,CH,OH 


ну ^ 


CH;CHI 


+ H,O 


59. 


60. 


|| 360 
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a. 1% О : EN К 


—»^ CH,0CH,CHCH,CH,CH,-Br 


C CH,CH,CH,Br | 
сн,0: 
Б О CHOCH, 
ша + Вг 
b. o, ) n Ne 


——À-  :ÓCH;CHCH;CH;CH;-Br 


CH,CH,CH,B | 
> е dk 
CH0: | 
| OCH, 
our 
О 


с. The six-membered ring is formed by attack on the more sterically hindered carbon of the 
epoxide. Attack on the less sterically hindered carbon is preferred. 


А = Ме D = ethylene oxide G - ethylene oxide 
B = diethyl ether Е=Н+ H = H+ 
C = CH3MgBr Е = Ма 


Greg did not get any of the expected product, because the Grignard reagent reacted with the 
hydrogen of the alcohol group. Addition of НСІ/Н2О protonated the alkoxide ion and opened 
the epoxide ring. 


Н.С Н.С. „О НС ОН 
3 О 3 он == 
НСІ 
CH4MgBr + — CH, + = 
H,O 
OH O7 OH 
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61. А іѕ the substitution product that is formed by methoxide ion attacking a carbon of the three- 
membered ring and eliminating the amino group, thereby opening the ring. 


B is the product of a Hofmann elimination reaction: methoxide ion removes a proton from a 
methyl group bonded to a carbon, eliminating the amino group. The red color disappears when 
Br, is added to B, because Br, adds to the double bond. 

When the aziridinium ion reacts with methanol, only the substitution product is formed. 


Н.С CH, CH 


С | CH i > „СН 

CH,-C-C-N7 3 ои он 

СН.О CH, CH; Н.С CH, = 
А В 


62. 


„ОФ O OO 


T 
| 


+ МеВ 


362 
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^ H 
b. бн \ *OH 


н.о 
— 


ОН 


+ 
+ H0 
| 1,2-methyl 


shift 


64. 
"Br Br Г 
а peep a OB, 
I I Hoi HO 
+ Вг 
O 
— M 
+ Br 
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Br 
„ОН 
+ H,O 
|е 
Вг 
«ОҒ 
+ H,O 


b. Only the trans isomers will be formed because the epoxide undergoes backside attack 


by methoxide ion. 


OH OH 
OCH; — CHO 


65. b is the fastest reaction; a is the slowest reaction 


In order to form the epoxide, the alkoxide ion must attack the backside of the carbon that is 
bonded to Br. This means that the OH and Br substituents must both be in axial positions. 


To be diaxial, they must be trans to each other. 


er 


О: 


а does not form an epoxide, because the OH and Br substituents are cis to each other. 


b and c can form epoxides because the OH and Br substituents are trans to each other. 


The rate of formation of the epxoide is given by Кеа. where К' is the rate constant for the 


substitution reaction, and Keg is the equilibrium constant for the equatorial/axial conformers. 


When the OH and Br substituents are in the required diaxial position, the large tert-buty] 
substituent is in the equatorial position in b and in the axial position in с. 
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Br Br 
OH 4 ОН 
b с 


Because the more stable conformer is the one with the large tert-butyl group іп the equatorial 
position, the more stable conformer of b has the OH and Br substituents in the required diaxial 


position (Keg is large), while the OH and Br substituents in ¢ are in the required diaxial position 
in its less stable conformer (Keg is small). Therefore, b reacts faster than с. 


Br 
H H 
USE қабақ 
С(СН.) OH H OH 
b с 


The benzene ring can become attached to either of the sp? carbons of the alkene, resulting in the 
formation of a pair of constitutional isomers. 


ot — ov. o 


H 
*OH OH ОН 
OH O uso уН с 
CH,CH; CH4CH; CHCH; 
+ 
CHO CH, OH 


| "| 
НО" + сн.с—С-сн, 


CH; CH, 
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68. 
a. CH3¢—CH,0H CH;C-CH;OH ---»>- CH;C-CH,OH + H,O 
+ 
ОН *OH 
| | 
Gis q СН. 
CH4CH-CH CH;C=CHOH + њо“ 

b. Dehydration of the primary alcohol group cannot occur because it cannot lose water via 
an Ei pathway, because a primary carbocation cannot be formed. It cannot lose water via 
an E2 pathway, because the B-carbon is not bonded to a hydrogen. 

69. 
н,50, | 9 
+ 
А — + Но 
OH ОН) W 
| | 
О +ОН 
H,0° + CX тө 
70. 
о OH N(CH3) 
„и N(CH3)2 Ч OH 
+ CH,NHCH, — " СУ 
R,R-isomer S, S-isomer 


жо паре 12 


H,0° + 


— 
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Chapter 12 Practice Test 


Which of the following reagents is the best one to use in order to convert methyl alcohol into 
methyl bromide? 


Br HBr Во NaBr Br 


Which of the following reagents is the best one to use in order to convert methyl alcohol into 
methyl chloride? 


СЫСН2Сь  Cl/hv СГ $065 NaCl 


Indicate how the following compounds could be prepared using the given starting material: 


H „CH; H СН 
a. с=с —> | 
H Br H CH,CH, 


CH,OH CH,CH,CH,OH 
ағыт 


Give two names for the following compound: 


О 
/ \„сн;сн, 


сн,сн; 


а. What would be the major product obtained from the reaction of the epoxide in the above 
problem in methanol containing O.1 M НСІ? 


b. What would be the major product obtained from the reaction of the epoxide in the above 
problem in methanol containing O.1 M NaOCH3? | 


Give the major product that is obtained when each of the following alcohols is heated in the 
presence of H2SO,. 


CH; 
a. РАИ CHCH, с. CH3CH,CH,CH,CH,OH 
онсн; 


сн; 


| OH 
b. CH;CH;CH;CH-CCH; d. di 
OH CH; 


368 Chapter 12 


7. Indicate whether the following statements are true or false: 
| a. Tertiary alcohols are easier to dehydrate than secondary alcohols. T F 
| b. Alcohols are more acidic than thiols. T F 
T €. Alcohols have higher boiling points than thiols. ' T F 
8. What products would be obtained from heating the following ethers with one equivalent of HI? 
p 
"m CHSCH;COCH, b. ЕЕЕ 
: СН; 
1 
9. What alcohols would be formed from the reaction of ethylene oxide with the following Grignard 
reagents? 


а. CH3CH,CH,MgBr b. С Ум 


10. Give the major product of each of the following reactions: 


Br 
a. 2 Pd(PPH3), 
+ CH;CH;CH—CH- B, "NaOH ~ 
O 
Br 
b. Pd(PPH3), 
+ (CH3CH,CH,),Sn THE ^" 
Br 
c. 
ain + (CH3CH)),CuLi —— 
Br 
d. Р«(РРН;), 
+ ет ag 
(CH4CH5)N 
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Mass Spectrometry and Infrared Spectroscopy 


Jmportant Terms 


absorption band 

pase peak 

pending vibration 

a cleavage 
electromagnetic radiation 


fingerprint region 
frequency 
functional group region 


Hooke's law 

infrared radiation 
infrared spectroscopy 
infrared spectrum 
(IR spectrum) 


mass spectrometry 
mass spectrum 


McLafferty 
rearrangement 


molecular ion (M) 
nominal molecular mass 
radical cation 
Spectroscopy 


stretching frequency 


a peak in a spectrum that occurs as a result of absorption of energy. 
the peak in a mass spectrum with the greatest intensity. 

a vibration that does not occur along the line of the bond. 
homolytic cleavage of an alpha substituent. 


radiant energy that displays wave properties. 


the right-hand third of an IR spectrum where the absorption bands are 
characteristic of the compound as a whole. 


the velocity of a wave divided by its wavelength. 
(It has units of cycles/second.) 


the left-hand two thirds of an IR spectrum, where most functional groups 
show absorption bands. 


an equation that describes the motion of a vibrating spring. 
electromagnetic radiation familiar to us as heat. 


spectroscopy that uses infrared energy to provide a knowledge of the 
functional groups in a compound. 


а plot of relative absorption versus wavenumber (or wavelength) of 
absorbed infrared radiation. 


provides a knowledge of the molecular weight and certain structural 
features of a compound. 


a plot of the relative abundance of the positively charged fragments 
produced in a mass spectrometer versus their m/z values. 


rearrangement of the molecular ion of a ketone that contains a y-hydrogen; 
the bond between the о- and f-carbons breaks, and а y-hydrogen migrates 
to the oxygen. 


the radical cation formed by removing one electron from a molecule. 
mass to the nearest whole number. 

a species with a positive charge and an unpaired electron. 

study of the interaction of matter and electromagnetic radiation. 


the frequency at which a stretching vibration occurs. 
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stretching vibration 


wavelength 


wavenumber 


a vibration occurring along the line of the bond. 


distance from any point on one wave to the corresponding point on the next 
wave. 


the number of waves in one centimeter. 
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Solutions to Problems 


1. 


The peak at m/z = 57 will be more intense for 2,2-dimethylpropane than for 2-methylbutane or 
for pentane because the peak at m/z = 57 is due to loss of a methyl group: loss of a methyl group 
from 2,2-dimethylpropane results in the formation of a tertiary carbocation, whereas loss of a 
methyl group from 2-methylbutane and pentane results in the formation of a secondary and 
primary carbocation, respectively. 


СН; 7+ CH; 
|свисн| ——  CH,CCH, Сн, 
CH; m/z = 57 
2,2-dimethylpropane a tertiary carbocation 


CH; + 
+ . 


2-methylbutane mz = 57 
Баке а secondary carbocation 


T * . 
| CH,CH;CH;CH,CR;| ' ---»- CH;CH,CH,CH, СН; 
pentane m/z = 57 
a primary carbocation 


Note that the mass spectrum of 2-methylbutane can be distinguished from those of the other 
isomers by the peak at m/z = 43. The peak at m/z = 43 will be most intense for 2-methylbutane 
because such a peak is due to loss of an ethyl group, which results in the formation of a 
secondary carbocation. Pentane gives a less intense peak at m/z = 43 because loss of an ethyl 
group from pentane forms a primary carbocation. 2,2-Dimethylpropane cannot form a peak at 
m/z — 43, because it does not have an ethyl group. 


ҮН; P (Hs 
| CH;CHCH,CH; | ` —— CHCH сны, 
m/z = 43 


+ + . 
| CH;CH,CH,CH,CH, | А ——> CH4CH;CH, СН.СН, 
m/z = 43 


Peaks should occur at m/z = 57 for loss of an ethyl group (86-29), and at m/z = 71 Юг loss of a 
methyl group (86-15). 


CH; сн; 
+ . 
| снұсн,снсн,сн|% --- CH;CH,CH — CH;CH, 
єн, m/z = 57 
+ Ы + . 
| CH,CH,CHCH,CH, ---- | CH,CH,CHCH,CH, CH, 
m/z = 71 


А secondary carbocation is formed in both cases. Because an ethyl radical is more stable than a 
methyl radical, the base peak will most likely be at m/z = 57. 
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Solved in the text. 


а. 1.15 + (3x 14) + 16 = 73 2. 16 + (3 х 14) + 16 = 74 


b. An alkane has ап even-mass molecular ion. И a CH2 group (14) of an alkane is replaced by 
an NH group (15), or if a CH3 group (15) of an alkane is replaced by an МН? group (16), 
the molecular ion will have an odd mass. 

A second nitrogen in the molecular ion will cause it to have an even mass. 
Thus, for a molecular ion to have an odd mass, an odd number of nitrogens must be present. 


с. Ап even-mass molecular ion either has no nitrogens or has an even number of nitrogens. 


relative intensity of M + 1 peak 
0.011 x relative intensity of M peak 


number of carbon atoms 


3.81 3.81 
= {oon = —— = B carbon atoms 
0.011 x 43.27 0.467 


The calculated exact masses show that only CcH,, has an exact mass of 86.10955. 


СЫН, 6(12.00000) - 72.00000 
14(1.007825) - 14.10955 

86.10955 

СІН (М, 4(12.00000) - 48.00000 


10(1.007825) - 10.07825 
2(14.0031) - 28.0064 


86.08465 

C4Hq0, 4(12.00000) = 48.00000 
6(1.007825) = 6.04695 

2(15.9949) = 31.9898 


86.03675 
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Because the compound contains chlorine, the М + 2 peak is one third the size of the M peak. 
Loss of a chlorine atom from either the М + 2 peak (80 — 37) or the M peak (78 - 35) gives а 
peak with m/z = 43. 


relative abundance 


20 40 60 80 
m/z 


Mass spectrum of 1-chloropropane 


The base peak at m/z = 73, due to loss of a methyl group (88 - 15), indicates that Figure 13.7a is 
the mass spectrum of 2-methoxy-2-methylpropane. 


The base peak at m/z = 59 (88 — 29), due to loss of an ethyl group, indicates that Figure 13.76 is 
the mass spectrum of 2-methoxybutane. 


The base peak at m/z = 45 (88 — 43), due to loss of a propyl group, indicates that Figure 13.7c is 
the mass spectrum of 1-methoxybutane. 


CH4 
| 
CH4CCH4 венно CH4CH;CH;CH;OCH, 
OC сз ` ]-methoxybutane 
2-methoxy-2-methylpropane 2-methoxybutane 


M 


R—CH,—ÓH —©» к/сн)-Он — R + CH)=OH 
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10. 


11. 


12. 
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АП ketones will have molecular ions with m/z = 86. 


3-pentanone 2-pentanone 3-methyl-2-butanone 
86-29 = 57 Sos ~ 86-41 = 43 


3-Pentanone will have a base peak at m/z = 57, whereas the other two ketones will have base 
peaks at m/z = 43. 
2-Pentanone will have a peak at at m/z = 58 due to a McLafferty rearrangement. 


3-Methyl-2-butanone does not have any y-hydrogens. Therefore, it can't undergo a McLafferty 
rearrangement so it will not have a peak at at m/z = 58. 


The fact that Figure 13.9a shows a peak at m/z = 43 for loss of a propyl group (86 — 43) indicates 


that it is the mass spectrum of either 2-pentanone or 3-methyl-2-butanone, since each of these 
has a propyl group. 

The fact that the spectrum has a peak at m/z = 58, indicating loss of ethene, indicates that the 
compound has a y-hydrogen that enables it to undergo a McLafferty rearrangement. 


Therefore, it must be 2-pentanone, since 3-methyl-2-butanone does not have а y-hydrogen. 


The fact that Figure 13.9b shows a peak at m/z = 57 for loss of an ethyl group (86 — 29), indicates 
that it is the mass spectrum of 3-pentanone. 


а. CH3CH,CH,CH,CH,OH 


=е 
i i У Q-cleavage | $ Bs 
CH;CH;CH;CH,—CH,—OH — Anes CH3CH,CH,CH, + CH,—ÓH 
С 88 m/z = 31 


Н 


+ 


У : 
CH3CH;CHCH;CH;—OH _ CH3;CH,CHCH,CH, + Н-О 
m/z = 70 
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О: 
|| 
b. CH,CCH;CH;CH,CH, 


Б 


et 
(0: 
| Q-cleavage $^ si ы 
6a CCH,CH,CH,CH, ces CH;CH,CH,CH,C=O + CH; 
m/z = 100 т/ = 85 
op) 
Jl е? a-cleavage z . 
CH;C“CH,CH,CH,CH; ---->- сњсеб +  CH,CH,CH,CH, 
(7 m/z = 43 
te + 
MON e 
CH,CCH,cH;-LCHcH, Мане» CH,CCH, + CH,=CHCH, 
rearrangement m/z; = 58 


с. CH;CH;CHCH;CH;CH;CH; 
“ОН 


5 


АЛА 0-Сеауаге А 
СНзСНуҳ-СНСН:СН›Сн›СН;, —— CH,CH,CH,CH,CH=OH + CH4CH, 
СОН m/z = 87 


+ oe 


m/z = 116 


A о-сісауаре А 
CESCHCHNCH;CH;CH;CH; — CH,CH;CH—ÓH + CH3CH,CH,CH, 
"ОН 


+ m/z = 59 


осш нен —— À- CH;CH,CHCH;CH;CH;CH, + H,O 
оно m/z = 98 


CHSCH,CHCH,CHCH;CH, ——À- CH;CH,CHCH;CHCH;CH; + H,O 


Gon Ai m/z = 98 
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| CH;CH; 
: d. CH;CH; —O- CCH;CH;CH; 
ЕЙ CH; 
dj Le" 
CH;CH; CH;CH; 
CH,CH;— {$ CCH,CH,CH, —  CH,CH-Q: + *CCH;CH;CH, 
СН; СН; 
m/z = 144 m/z z 99 
CH,CH, CHCH; 
+.\ | a-cleavage + . 
CH3CH,—Q7 CCH;CH;CH; CH4CH;—O-—CCH;CH;CH, + CH, 
СН; m/z = 129 
SCH;CH; 
. acl * . 
снусн,— 9  CCH;CH;CH; I CH;CH;—Q—CCH;CH;CH, + CH,CH, 
CH; m/z = 115 CH; 
CH;CH; 
+e a-cleavage + . 
CH4CH,— ~; В ан + CH,CH,CH, 
CH m/z = 101 СН; 
CH CH CH,CH 
LN FP 2513 Қ 2443 


сн, “сн 5-с- CH,CH,CH, 


CH, 


о-сісауаре 
—_ __- 


CH,—Q-CCH;CH;CH, + Сн; 
m/z = 129 CH; 
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.. -e7 • + 4 
е Снұснуснд: —= CH;CH,cH- Gf: —— CH.CH,CH + iQ 


CH; CH; CH4 
m/z = 92 and 94 m/z = 57 
• + * 
сњон,сњу Gi у COMES Си сн.сн=б: + CH, 


«CH, m/z = 77 and 79 


ot M + Й 
cn cn СГ: DU. CH,CH-QE: + сњен, 


Сн; m/z = 63 and 65 
CH; CH; CH; 
ae „е e+ • 
б  CH3¢—Br: =“ снс-в: -- Сун + В 
CH, CH; CH; 
m/z = 136 and 138 m/z = 57 


13. When (Z)-2-pentene reacts with water and ап acid catalyst, 3-pentanol and 2-pentanol are 
formed. Both alcohols have a molecular weight of 88. (Notice that the first step in solving this 
problem is to use chemical knowledge to identify the products.) The absence of a molecular ion 
peak is consistent with the fact that the compounds are alcohols. 


HC, „CHCH; Н,50, 
UTE + H,0 — CHSCH;CHCH;CH, + CHCHCH CHCH; 
H H OH OH 
(Z)-2-pentene 3-pentanol 2-pentanol 


Figure 13.10a shows a base peak at m/z = 59 due to loss of an ethyl group (88 — 29), indicating 
that it is the spectrum of 3-pentanol. 


Figure 13.10b shows a base peak at m/z = 45 due to loss of a propyl group (88 — 43), indicating 
that it is the spectrum of 2-pentanol. 


14. a. 2000 cm! (The greater the wavenumber, the higher the energy.) 


b. Вит (The smaller the wavelength, the higher the energy.) 


с. 2 um, because 2 um = 5000 сіп”! (5000 cm”! is a greater wavenumber than 3000 ст!) 
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16. 


17. 


18. 
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the equation used for these calculations: % (cm!) 10,000 
À (um) 
а. (emi) = 1999 = 2500cmi b. 200(cm!) = 10,000 
4 (um) À (ит) 
n _ 10,000 
UB. = 200 (cm!) 
А (ыт) = 50pm 


The stretching vibration of a С=О bond will be more intense because the vibration is associated 
with a greater change in dipole moment than the dipole moment associated with the stretching 
vibration of a С=С bond. 


а. 1. C=C stretch А triple bond is stronger than a double bond, 
| so it takes more energy to stretch a triple bond. 


2. С-Н stretch It requires more energy to stretch a bond than to bend it. 


3. C-N stretch А double bond is stronger than a single bond, 
so it takes more energy to stretch a double bond. 


b. 1. C—O Vibrations of lighter atoms occur at larger wavenumbers. 


2. C—C Vibrations of lighter atoms occur at larger wavenumbers. 


a. The carbon-nitrogen stretch of an amide because it has partial double-bond character as a 
result of electron delocalization. 


| 7 
С я---»- Cy, 
R/ "NH, R^ “NH, 


b. The carbon-oxygen stretch of phenol because it has partial double-bond character as a result 
of electron delocalization. 


Qe — Om 


19. 


20. 
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c. The carbon-oxygen double-bond stretch of a ketone because it has more double-bond 
character. The double bond character of the amide is reduced by electron delocalization. 


О 


1 | 
C —— C. + 
р^ “МН, в” “NH, 


d. The C—O stretch, because a bond stretches at а higher frequency than it bends. 


A carbonyl group bonded to an sp? hybridized carbon will exhibit an absorption band at a 


higher frequency because a carbonyl group bonded to an sp? hybridized carbon will have 
greater single-bond character as a result of electron delocalization. 


О о” 
| 


| их | 
RCH,—C— RCH-CH-C— == кбн—сн=с— 


ka sp? = sp? 


a. The C=O absorption band of an ester occurs at the highest frequency because an ester has the 
most double bond character since the predominant effect of the ester oxygen atom is inductive 
electron withdrawal. 

The C=O absorption band of an amide occurs at the lowest frequency because an amide has 
the least double bond character since the predominant effect of the amide nitrogen atom is 
electron donation by resonance. 


O О О 
DON 
b. The С=О absorption band of the three compounds decreases in the following order. 


О О О 
OOo 


To explain the relative frequency of the C=O absorption, we need to look at the relative 
stabilities of the resonance contributors because the more stable the resonance contributor 
with a carbon-oxygen single bond, the lower the carbonyl absorption frequency will be. 
The resonance contributor without a conjugated double bond is the least stable, and the 
compound with a л cloud extending over five atoms is the most stable. 
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| relative stabilities of the resonance contributors 


о” О” о” 
|| ~ о” > 1 E о” 2 E | о” 
least stable most stable 


c. Because alkyl groups are more electron-donating than a hydrogen, the absorption band for the 
carbonyl group bonded to two relatively electron-withdrawing hydrogens has the greatest 
frequency, while the absorption band for the carbonyl group bonded to two alkyl groups has 
the lowest frequency. 


li il | 
H-C —H > СН;-С-Н > СН;-С -СН; 


21. Ethanol dissolved in carbon disulfide will show the oxygen-hydrogen stretch at a greater 
wavenumber because there is extensive hydrogen bonding in the undiluted alcohol, and an 
oxygen-hydrogen bond is easier to stretch if it is hydrogen bonded. 


22. а. Because oxygen is more electronegative than nitrogen, the O—H stretching vibration is 
associated with a greater change in dipole moment. 


b. The O—H group of a carboxylic acid can form both intermolecular and intramolecular 
hydrogen bonds, while an alcohol can form only intermolecular hydrogen bonds. 
Therefore, the extent of hydrogen bonding is greater in a carboxylic acid, and hydrogen 
bonded OH groups have broader absorption bands. 


23. Тһе absorption band at 1100 сіп”! would be less intense if it were due to a C—N bond because 
smaller change in dipole moment is associated with a C—N bond compared to the change in 
dipole moment associated with the stretch of a C—O bond. 


24. а. The absorption band at 1700 сіп”! indicates that the compound has a carbonyl group. 
The absence of an absorption band at 3300 cm”! indicates that the compound is not a 
carboxylic acid. 
The absence of an absorption band at 2700 cm”! indicates that the compound is not ап 
aldehyde. 
The absence of an absorption band at 1100 cm! indicates that the compound is not an ester 
an amide. 
The compound, therefore, must be a ketone. 


b. 


е 


с 
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The absence of an absorption band at 3400 сіп”! indicates that the compound does not have 
an N—H bond. 


The absence of an absorption band between 1700 ст"! and 1600 cm”! indicates that the 
compound is not an amide. 
The compound, therefore, must be a tertiary amine. 


. An aldehyde would show absorption bands at 2820 and 2720 cm-!. A ketone would not have 


these absorption bands. 


. A straight-chain ketone would have a methyl substituent and therefore an absorption band at 


1385-1365 ст“! that a cyclic ketone would not have. 


. Cyclohexene would show an sp? C—H stretch slightly to the left 3000 ст-1. Benzene would 


not show an absorption band in this region. 


. The cis isomer would show a carbon-hydrogen bending vibration at 730-675 cm:!, while the 


trans isomer would show a carbon-hydrogen bending vibration at 960-980 cm-1. 


Cyclohexene would show a carbon-carbon double-bond stretching vibration at 1680-1600 


ст"! and a carbon-hydrogen stretching vibration at 3100-3020 cm-1. Cyclohexane would not 
show these absorption bands. 


- А primary amine would show а nitrogen-hydrogen stretch at 3500-3300 ст-1, and a tertiary 


amine would not have this absorption band. 


. Ап absorption band at 1150-1050 ст-1 would be present for the ether and absent for the 


alkane. 


. An absorption band at 3300-2500 cm"! would be present for the carboxylic acid and absent 


for the ester. 


An absorption band at 1780-1650 ст-1 would be present for the carboxylic acid and absent 
for the alcohol. | 


- Only the terminal alkyne would show ап absorption band at 3300 ст-!. 


An absorption band at 1385-1365 cm"! would be present for methylcyclohexane and absent 
for cyclohexane. 


An absorption band 2960-2850 cm! would be present for cyclohexene and absent for 


benzene. (Also, an absorption band at 1500 cm-! would be present for benzene and absent for 
cyclohexene.) 
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| 27. — 2-butyne, Hy, Сір, ethene 


| | 28. The absorption bands in the vicinity of 3000 ст-1 indicate that the compound has hydrogens 

| attached to both sp? and sp? hybridized carbons. The lack of absorption at 1600 стг! and 1500 
сп! indicates the compound does not have a benzene ring. The sp hydrogens, therefore, must 
be those of an alkene. 


The lack of significant absorption at 1600 cm’! indicates it must be an alkene with a relatively 


small (if any) dipole moment change when the vibration occurs. The absorption band at 965 cm! 
indicates the compound is a trans-alkene. 


The molecular ion with m/z = 84 suggests the compound has a molecular formula of СН 12. 
The base peak with m/z — 55 indicates the compound most easily loses an ethyl group 
ps (84 - 29 = 55), but it can also lose a methyl group (m/z = 69) or a propyl group (m/z = 41). 
Because it most easily loses an ethyl group, the ethyl group must be attached to an allylic carbon. 
The compound, therefore, is ғап-2-һехепе. 
allylic carbon 


H CH,—CH,CH 
% / 2 2 3 
с=с 
£N 
H4C H 


trans-2-hexene 


29. Тһе absorption band at ~1700 cm! indicates the compound has a carbonyl group, and the 
absorption band at ~1600 ст“! indicates the compound has a carbon-carbon double bond. Тһе 
absorption bands in the vicinity of 3000 cm-t indicate that the compound has hydrogens 


attached to both sp? and sp? hybridized carbons. The absorption band at ~1380 cm! indicates th 
compound has a methyl. 
Because the compound has only four carbons and one oxygen, it must be methyl vinyl ketone. 


] 
CH,CCH=CH,, 


30. Тһе molecular ion peak for these compounds is m/z = 86; the peak at m/z = 57 is due to loss of 
an ethyl group (86 — 29), and the peak at m/z = 71 is due to loss of a methyl group (86 — 15). 


a. 3-Methylpentane will be more apt to lose an ethyl group (forming a secondary carbocation 
and a primary radical) than a methyl group (forming a secondary carbocation and a methyl 
radical), so the peak at m/z = 57 would be more intense than the peak at m/z = 71. 


ЄН ЕН НО 
СН. 
3-methylpentane 
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b. 2-Methylpentane has two pathways to lose a methyl group (forming a secondary carbocation 
and a methyl radical in each pathway), and it cannot form a secondary carbocation by losing 


radical.) Therefore, it will be more apt to lose a methyl group than an ethyl group, so the 
peak at m/z = 71 would be more intense than the peak at m/z = 57. 


CH;CHCH;CH;CH; 
CH; 
2-methylpentane 


31. 1. the change in the dipole moment when the bond stretches or bends 
2. the number of bonds that give rise to the absorption band 
3. the concentration of the sample 


32. а. An absorption band at ~1250 cm-! would be present for the ester and absent for the ketone. 


b. An absorption band at 720 ст-1 would be present for heptane and absent for methyl- 
cyclohexane. 


€. Absorption bands at 990 ст-! and 910 cnr! would be present for the terminal alkene and 
absent for the internal alkene. 


d. The secondary alcohol would have an absorption band at 1385-1365 ст-1 for the methyi 
group. The primary alcohol does not have a methyl group, so it would not have this 
absorption band. 


e. The C=O absorption band will be at a higher wavenumber for the ester (1740 cm-! ) than for 
the ketone (1720 ст-1). 


f. The alkene would have an absorption band at 1680-1600 cm-! and 3100-3020 cm-! that the 


alkyne would not have. The alkyne would have an absorption band at 2260-2100 cm-! that 
the alkene would not have. | 


8. An absorption band at ~2700 cm-! would be present for the aldehyde and absent for the 
ketone. 


В. The C=O absorption band will be at a higher wavenumber for the B,y-unsaturated ketone 
(1720 ст! ) than for the a, B-unsaturated ketone since the double bonds in the latter are 
conjugated (1680 ст!) 


1. The trans isomer would have an absorption band at 980-960 cnr, while the cis isomer would 


have an absorption band at 730-675 ст-1. In addition, an absorption band at 1680-1600 ст-1 
would be present for the cis isomer and absent for the trans isomer. 


33. 


34. 


35. 


36. 
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ір An absorption band at 3650-3200 ст“! would be present for the alcohol and absent for the 


ether. 


К. An absorption band at 3500-3300 ст-! would be present for the amide and absent for the 
ester. 


1. Absorption bands at 1600 ст! and 1500 cmr! and at 3100-3020 cm~! would be present for 
the compound with the benzene ring and absent for the compound with the cyclohexane ring 


An absorption band at 2960-2850 cm"! would be present for the compound with the 
cyclohexane ring and absent for the compound with the benzene ring. 


a. If the reaction had occurred, the intensity of the absorption bands at ~1700 cm-! (due to the 


carbonyl group) and ~2700 cm! (due to the aldehyde hydrogen) of the reactant would have 
decreased. If all the aldehyde had reacted, these absorption bands would have disappeared. 


b. If all the NH NH, had been removed, there would be по N—H absorption at ~ 3400 cm!. 


The compound would have ап M and an M + 4 peak of equal intensity, and there would be an 
М + 2 peak of twice the intensity of the M peak. 


If the force constants are approximately the same, the lighter atoms absorb at higher frequenci: 


C=C > C—N > C—O 


The molecular weight of each of the alcohols is 158. The peak at m/z = 140 is due to loss of 
water (158 — 18); each of the alcohols could show such a peak. The peaks at m/z = 87, 115, an 


143 are due to loss of a group with five carbons, a group with three carbons, and a methyl grot 
respectively. Only 2,2,4-trimethyl-4-heptanol would lose all three groups. 


P ol 
CH4CHCH;CH5CHCH;CH;CH;OH 
4,7-dimethyl-1-octanol 


CH, CH; | CH; СНз 
CH,CH;CH;CCH;CCH; CH;CH;CHCH;CHCH;CHCH; 

OH CH; ОН 
2,2,4-trimethyl-4-heptanol 2,6-dimethyl-4-octanol 


38. 


39. 


40. 
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 CH;—CHCH;CH,CH—CH, CH,CH=CHCH=CHCH, 


1,5-hexadiene 2,4-hexadiene 


The easiest way to distinguish the two compounds is by the presence or absence of an absorption 
band at ~1370 cmr! due to the methyl group that 2,4-hexadiene has but that 1,5-hexadiene does 
not have. In addition, 2,4-hexadiene has conjugated double bonds, and therefore its double 
bonds have some single-bond character due to resonance. Consequently, they are easier to 
stretch than the isolated double bonds of 1,5-hexadiene. Thus, the carbon-carbon double bond 
stretch of 2,4-hexadiene will be at a lower wavenumber than the carbon-carbon double-bond 
stretch of 1,5-hexadiene. 


The fact that the abundance of the M+2 peak is 30% of the abundance of the M peak indicates 
that the compound has one chlorine atom. The peak at m/z = 77 is due to loss of the chlorine 
atom (112 — 35 = 77). The peak at m/z value of 77 and fact that the this peak does not fragment, 
indicates it is a benzene ring: The compound is chlorobenzene. 


y? 


А hydrocarbon with eight carbons (C4H2,,2) has a molecular formula of CgHıg and а 
molecular weight of 114. Since the molecular ion is 112, the compound must be a hydrocarbon 
with eight carbons and one double bond or one ring. Possible compounds are cyclooctane, 
methylcycloheptane, all the dimethylcyclohexanes, ethylcyclohexane, propylcyclopentane, 
isopropylcyclopentane, all the ethylmethyl cyclopentanes, all the trimethylcyclopentanes, all 
octenes, all methylheptenes, all ethylhexenes, etc. 


3600cm'! 


OH 3300-3000 sp? CH 2950 С=О 1700| C—O 1250-1050 


О 
МН 3600-3200 RCH 27700 С=С 1600| C-N 1230-1030 


sp CH 3300 


sp? CH 3050 
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4l. а. The absorption band at ~2100 ст"! indicates а carbon-carbon triple bond, and the absorption 
band at ~3300 cm”! indicates a hydrogen bonded to an sp hybridized carbon. | 


CH,CH,CH,CH,C=CH 


b. The absence of an absorption band at ~2700 cm- indicates that the compound is not an 


aldehyde, and the absence of a broad absorption band in the vicinity of 3000 cm! indicates 
that the compound is not a carboxylic acid. The ester and the ketone can be distinguished by 


the absorption band that is present at ~1200 cm-! that indicates the carbon-oxygen single 
bond of an ester. 


| 
CH,CH,COCH,CH, 


i 
E 
| 


с. Тһе absorption band at ~1360 cm! indicates the presence of a methyl group. 
С(СН;); 


42. — 4-Methyl-2-pentanone would show peaks at m/z = 85 (loss of a methyl group) and at m/z = 43 
(loss of an isobutyl group) and a peak at m/z = 58 due to a McLafferty rearrangement. 


О 
| 
CH,CCH;CHCH, 


CH; 
4-methyl-2-pentanone 


2-Methyl-3-pentanone would show peaks at m/z = 71 (loss of an ethyl group) and at m/z = 57 
(loss of an isopropyl group). Because it doesn't have a Y-hydrogen, it cannot undergo a 
McLafferty rearrangement. 


| 
снұснссн;сн, 


СН; = 
2-methyl-3-pentanone 


45. 
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The absorption bands at ~2700 cm! for the aldehydic hydrogen and at ~1380 cnr! for the 
methyl group would distinguish the compounds. 


A would have the band at ~2700 cm-! but not the one at ~1380 ст-1. 
B would have the band at ~1380 cmr! but not the one at ~2700 cm}. 
C would have the both the band at ~2700 cm:! and the one at ~1380 cm-t. 


1-Hexyne will show absorption bands at ~3300 cm"! for a hydrogen bonded to an sp hybridized 
carbon and at ~2100 cm"! for the triple bond. 


CH;CH,CH,CH,C=CH 
1-hexyne 


2-Hexyne will show the absorption band at ~2100 ст-! but not the one at ~3300 cm-t. 


CH,CH,CH,C=CCH, 
2-hexyne 


3-Hexyne will show neither the absorption band at ~3300 cnr nor the one at ~2100 cnr! (there 
is no change in dipole moment). 


CH,CH,C=CCH,CH, 
3-hexyne 


a. The broad absorption band at ~3300 cm! is characteristic of the oxygen-hydrogen stretch of 
an alcohol, and the absence of absorption bands at ~1600 cm-t and ~3100 cm! indicates that 


it is not the alcohol with a carbon- carbon double bond. 
CH,CH,CH,CH,OH 
b. The absorption band at ~1685 cm! indicates а carbon-oxygen double bond. The absence of a 


strong and broad absorption band at ~3000 cm‘! rules out the carboxylic acid, and the 
absence of an absorption band at ~2700 cm ! rules out the aldehyde. Thus, it must be the 


ketone. 
6) 
|| 
CCH; 
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E с. The absorption band at ~1700 ст indicates a carbon-oxygen double bond. The absence of 
Ы an absorption band at ~1600 cm”! rules out the ketones with the benzene or cyclohexene 


| rings. The absence of absorption bands at ~2100 сп! and ~3300 cmr! rules out the ketone 
| | | with the carbon-carbon triple bond. Thus, it must be 4-ethylcyclohexanone. 


ч снон/-( =o 


46. а. The absorption band at ~2700 cnr indicates that the compound is an aldehyde (carbon- 
hydrogen stretch of an aldehyde hydrogen). The absence of an absorption band at ~1600 


ст”! rules out the aldehyde with the benzene ring. Thus, it must be the other aldehyde. 


| 
CH;CH,CHCH 
CH; 


The absorption bands at ~3350 ст"! and ~3200 cm! indicate that the compound is an amide 
(nitrogen-hydrogen stretch). The absence of an absorption band at ~3050 cm: indicates that 


the compound does not have hydrogens bonded to sp? carbons. Therefore, it is not the amide 
that has a benzene ring. | 


> 


i 
CH,CH,CNH, 


с. The absence of absorption bands at ~1600 cm! and ~1500 cm! indicates that the compound 
does not have a benzene ring. Thus, it must be the ketone. This is confirmed by the absence 


of an absorption band at ~1380 cnr!, indicating that the compound does not have a methyl 
group. (Notice the first fundamental of the 1700 cm"! absorption band at 3400 ст-1.) 


{у= 


49. 
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О с. О е. e 
вн 2700 и 1700 sp 3300 (narrow) 
С=С 2100 
О C-N -1030 
Ц 1700 
М-Н 3500-3300 
=C 1600 | 
О ; q 
T 1700 d. СО . я 
b С C-O 1050 f. C 1700 
O-H 3600-3200 (broad) 9 
P 1300; 1600 COH ~3000 (broad) 
С-О -1250 


С-О  -1250, ~1050 


Calculating the term in Hooke's law that depends on the masses of the atoms joined by a bond 
for a C—H bond and for a C—C bond shows why smaller atoms give rise to greater 
wavenumbers. 


for a carbon-hydrogen bond for a carbon-carbon bond 
np nb _ 12+1 MLE _ 12+12 
m; x m 12x 1 m; X m 12 x 12 
= B zo 243 
12 : % 144 
= 1.08 = 0.17 


The absorption band at ~1700 cm! indicates that the compound Ваз a carbonyl group, and the 
absence of an absorption band at ~1380 cm! indicates that it has no methyl groups. The absence 
of an absorption band at ~1600 cmr! indicates the compound does not have a carbon-carbon 
double bond, and the absence of an absorption band at ~3050 cm! indicates the compound does 
not have hydrogens bonded to sp? carbons. 


From the molecular formula you can deduce that the compound is cyclopentanone. 
О 


| 
li 
| 


50. 


51, 


52. 


53. 


54. 


The broad absorption band at ~3300 ст-! indicates that the compound has an OH group. 
The absorption bands at ~2900 cm! indicate that the compound has hydrogens attached to 
an sp? hybridized carbon. The compound, therefore, is benzyl alcohol. 


The broad absorption band at ~3300 ст-1 indicates that the compound has an OH group. 
The absence of absorption at ~2950 cm-! indicates the compound does not have any hydrogen; 
bonded to sp3 hybridized carbons. Therefore, the compound is phenol. 


The M peak at 100 indicates that the compound has a molecular weight of 100, and the relative 
intensities of the M and M + 1 peaks indicate that the compound has seven carbons. When 


п= 7, (CyH2n+2) = C7H16. А compound with that molecular formula has a molecular weight 
of 100. 


М+1 2.10 2.10 
number of carbon atoms = — =. = —“£1U__ = — 223% 
0.011 x M 0.011 x 27.32 0.301 


12 n 12 
2 i 10 x 105 g 572 ( 6.02 602 / x 10-23 
= ы. 


2 х 3.1416 x 3x 1010 cm 5-1 


х 10-232 х 


6.02 510% 


у ] 

V ums umen 
18.85 x 1010 \/ 10-0 x 1028 

dis 1885x 1910 Х 3.16 x 1014 

У = 1676cm! 


а. The IR spectrum indicates that the compound is an aliphatic ketone with at least one methyl 


group. The M peak at m/z — 100 indicates that the ketone is a hexanone. The peak at 43 


(100 — 57) for loss of a butyl group and the peak at 85 for loss of a methyl group (100 — 15) 
suggest that the compound is 2-hexanone. 


|| 
CH3CCH,CH,CH,CH, 
2-hexanone 


«пары 12 2741 


This is confirmed by the peak at 58 for loss of ргорепе (100 — 42) as a result of а 
McLafferty rearrangement. 


e + 
: H ОН 
| 
cu, cH, cH»-Loncu,  Meaffety, — cu ccu, + СНу-СНСН; 
rearrangement m/z = 58 


b. The equal heights of the M and M + 2 peaks at 162 and 164 indicate that the compound 
contains bromine. The peak at m/z = 83 (162 — 79) is for the carbocation that is formed when 


the bromine atom is eliminated. The IR spectrum does not indicate the presence of any 

a functional groups, and it shows that there are no methyl groups present. The m/z peak = 83 
B indicates a carbocation with a molecular formula of СН. The fact that the compound does 
: not contain a methyl group indicates that the compound is bromocyclohexane. 


Cs 


bromocyclohexane 


c. The absorption bands at ~1700 cm-t and ~2700 cm”! indicate that the compound is an 
aldehyde. The molecular ion peak at m/z = 72 indicates that the aldehyde contains four 
carbons. The peak at m/z = 44 for loss of a group with molecular weight 28 indicates that 
Oethene has been lost as a result of a McLafferty rearrangement. 


.. | + 
м. :OH 


кум. _МсеГайепу „_ | EN 
McLaffert 
CH5-- CH5-—- CHCH rearrangement СН;СН + CH=CH, 


A McLafferty rearrangement can occur only if the aldehyde has a y-hydrogen. 
The only four-carbon aldehyde that has a y-hydrogen is butanal. 


|| 
CH4CH;CH5CH 
butanal 
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Chapter 13 Practice Test 


1. Give one IR absorption band that could be used to distinguish each of the following pairs of 
compounds. Indicate the compound for which the band would be present. 


|| || 
а. CH4CH;CH;CH and CH4CH;CH;CCH; 
|| || 
b. CH,CH,CNH, ай ^ CHCH,COCH, 


€ CH,CH;CH;CH,0H and CH,CH,CH,OCH, 


I 
| ' д. Өре апа ( )у—сненон 


ОН 


|| || 
е. CH4CH;CH;,COCH, and CH3CH,CH,CCH, 
f. CH;CH,CH=CHCH, and CH4CH;C --ССН; 


8. CH;CH,C=CH and | CH,CH,CECCH, 


2. Indicate whether each of the following is true or false. 

a. The O—H stretch of a concentrated solution of an alcohol occurs at a higher 
frequency than the O—H stretch of a dilute solution. T F 

b. Light of 2 um is of higher energy than light of 3 um. T E 

c. It takes more energy for a bending vibration than for a stretching vibration. Т F 

d. Propyne will not have an absorption band at 3100 cm"! because there is no 
change in the dipole moment. T F 

e. Light of 8 um has the same energy as light of 1250 ст-!. T Е 

- f. The M + 2 peak of an alkyl chloride is half the height of the M peak. T F = 
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The major peaks shown in the mass spectrum of a tertiary alcohol are at m/z = 73, 87, 98, and 
101. Identify the alcohol. 


4. How could you distinguish between the IR spectra of the following compounds? 


CH,OH CH,OH 


CHAPTER 14 
NMR Spectroscopy 


Important Terms 


applied magnetic field 


chemically equivalent 
protons 


chemical shift 


PC NMR 


COSY spectrum 


coupled protons 


coupling constant 


DEPT 13C NMR spectrum 
. groups. 


diamagnetic anisotropy 


diamagnetic shielding 


2-D NMR 
doublet 
doublet of doublets 


downfield 


effective magnetic field 


Fourier transform NMR 
(FT-NMR) 


geminal coupling 


Byromagnetic ratio 


the externally applied magnetic field. 
protons with the same connectivity relationship to the rest of the Molecule 


location of a Signal occurring in an NMR spectrum. It is measured 
downfield from a reference compound (most often TMS). 


nuclear magnetic resonance that shows carbon (13C) nuclei. 


а 2-D NMR spectrum Showing ІН-ІҢ correlations. 


protons that split each other. Coupled protons have the same coupling 
constant. 


the distance (in hertz) between two adjacent peaks of a Split NMR signal. 


а group of four 13C NMR Spectra that distinguish СН}, СН, and CH 


the term used to describe the greater freedom of x electrons to move in 
response to a magnetic field as a consequence of their greater polarizability 
compared with c electrons. 


shielding by the local magnetic field that opposes the applied magnetic 
field. 


two-dimensional nuclear magnetic resonance. 

an NMR signal Split into two peaks. 

an NMR signal Split into four peaks of approximately equal height. 
Caused by splitting a signal into a doublet by one hydrogen and into 
another doublet by another (nonequivalent) hydrogen. 


father to the left-hand Side of the spectrum. 


the magnetic field that a nucleus "senses" through the surrounding cloud of 
electrons. 


the ratio of the magnetic moment of a rotating charged particle to its 
angular momentum. 


E etic resonance 
Шасіпр (MRI) 


j NMR spectroscopy 


operating frequency 
proton exchange 
quartet 


reference compound 


rf radiation 


shielding 


singlet 


spin-coupled 
13C NMR spectrum 


spin-coupling 
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а 2-D NMR spectrum showing 13С-1Н correlations. 
nuclear magnetic resonance that shows hydrogen nuclei. 


NMR spectroscopy that uses a spectrometer with a high operating 
frequency. 


splitting of a proton by a proton more than 3 с bonds away. 


NMR used in medicine. The difference in the way water is bound in 
different tissues produces the signal variation between organs as well as 
between healthy and diseased states. 

a tertiary hydrogen. 

an NMR spectrometer used in medicine for whole-body NMR. 


an NMR signal split by two non-equivalent sets of protons. 


the number of peaks in an NMR signal. 


an 1H NMR signal for a hydrogen with N equivalent hydrogens bonded to 


an adjacent carbon is split into N + 1 peaks. A 13С NMR signal for a 
carbon bonded to N hydrogens is split into М + 1 peaks. 


the absorption of electromagnetic radiation to determine the structural 


features of an organic compound. In the case of ІН NMR spectroscopy, it 
determines the carbon-hydrogen framework. 


the frequency at which an NMR spectrometer operates. 

the transfer of a proton from one molecule to another. 

an NMR signal split into four peaks. 

à compound added to the sample whose NMR spectrum is to be taken. 
The position of the signals in the NMR spectrum are measured from the 
position of the signal given by the reference compound. 

radiation in the radiofrequency region of the electromagnetic spectrum. 
caused by electron donation to the environment of a proton. The electrons 
shield the proton from the full effect of the applied magnetic field. The 
more a proton is shielded, the farther to the ri ght its signal appears in an 
NMR spectrum. 


an unsplit NMR signal. 


a 13C NMR spectrum in which each signal for a carbon is split by the 
hydrogens bonded to that carbon. 


coupling between the carbon nucleus and certain nearby atoms. 


- < 
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spin-spin coupling 


a-spin state 
В-ѕріп state 


splitting diagram 
(splitting tree) 
triplet 


upfield 


the splitting of a signal in an NMR spectrum described by the N + 1 rule. 


nuclei in this spin state have their magnetic moments oriented in the same 
direction as the applied magnetic field. 


nuclei in this spin state have their magnetic moments oriented Opposite to 
the direction of the applied magnetic field. 


a diagram that describes the splitting of a set of protons. 


an NMR signal split into three peaks. 


farther to the right-hand side of the spectrum. 
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Solutions to Problems 


бе 


26.75 x 107 rad T-! sec! x 1.0T 
2(3.1416) rad 


= 43х 106 ѕес-! 
= 43x106Hz = 43MHz 


а b. 
Y 
У = — 
2n Bo 
B, - УХ B _ Ух 21 
о у о = 
В 360 x 106 x 2(3.1416) B 500 x 106 x 2(3.1416) | 
О m == о=-———————— | 
26.75 х 107 26.75 х 107 | 
в, - -2262 в, = 2142 | 
26.15 26.75 | 
В, = 846Т В, = 1175T | 


From these calculations, you can see that the greater the operating frequency of the | 
instrument (360 MHz versus 500 MHZ), the more powerful the magnet (8.46 T versus 11.75 T) 
required to operate it. 


a. 2 e. 3 і. 5 m. 3 
b. 1 f. 4 ј. 4 п. | 
с. 3 в. 3 К. 2 о. 3 
9. 4 h. 3 1. 3 


а would give two signals, b would give one signal, and c would give three signals. 
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5. 
#1 H #2 H #3 H 
H Cl H Cl H H 
H Cl Cl H Cl Cl 
All the H's are equivalent. The H's attached to the front The H's attached to the fron 
of the molecule are equivalent, of the molecule are equivale 
and the methylene H's are and the methylene H's are n 
equivalent. equivalent. 
6. 
600 Hz 
a —— = 20 
300 MHz iis 
b. The answer would still be 2.0 ppm because the chemical shift is independent of the operatin 
frequency of the spectrometer. 
с. x Hz E: 
100 MHz = 29 ррт 
х= 200 
200 Hz downfield from TMS 
7. a. The chemical shift is i 


ndependent of the operating frequency. Therefore 


, if the two signals 


differ by 1.5 ppm ina 300-MHz 


spectrometer, they 


will still differ by 1.5 ppm та 100-М 


spectrometer. 


b. МЕ см Mu 
MHz РР 
90Hz _ 
300 MHz 


x Hz E 
100 MHz = 93 ppm 


Magnesium is less electronegative than silicon. (See Table 12.3 on page 467 of the text.) 
d be upfield from the TMS peak. 


Therefore, the peak for (CH3)2Mg woul 


11. 


12. 


13. 
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a. and b. 
H 
CH4CH;CH4CI b. СН;СН;СОСН; с. CHSCHCHDE 
| | | | | Вг Вг Ж. 
most least most least most least 
shielded shielded shielded shielded shielded shielded 


The signal farthest downfield in both spectra is the signal for the hydrogens bonded to the carbon 
that is also bonded to the halogen. Because chlorine is more electronegative than iodine, the 


farthest downfield signal should be farther downfield in the ІН NMR spectrum for 
1-chloropropane than in the ІН NMR spectrum for 1-iodopropane. 

Therefore, the first spectrum in Figure 14.6 is the !H NMR spectrum for 1-iodopropane, 
and the second spectrum in Figure 14.6 is 1H the NMR spectrum for 1-chloropropane. 


a. С ННВ: ‚ € свснсневз е. СН;СН;СН--СН, 
Вг Вг Cl 
Hoc 
b. C Hs HOCBS d. CH3CHCCH,CH; 
CH; CH; 


i i 
a. CH4CH;CH;CI b. ВЕ с. CH4CHCH 


Cl 
О о. 
, а Ье a b ей d a b айс 
a. CH;CH;CH d. CH,CH,CH,COCH, в. CH4CH;CH;CCH, 
а c e b a b db a a b d c 
b. ВИА HEH е. CH;CH;CHCH;CH; h. SESCHCPOOCBS 
OCH, OCH, CH, 
d с а 
b а b a c d e b . a cld b 
с. CICH,CH,CH,Cl f. CH CHONO BCH i. ЄН (НЕНЕН; 


СН 
a 


400 


14. 


15. 


16. 


17. 


18. 
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Each of the compounds would show two signals, but the ratio of the integrals for the two sign 
would be different for each of the compounds. The ratio of the integrals for the signals given | 
the first compound would be 2 : 9 (or 1 : 4.5), the ratio of the integrals for the signals given b 
the second compound would be 1 : 3, and the ratio of the integrals for the signals given by the 
third compound would be 1 : 2. 


Solved in the text. 


The heights of the integrals for the signals in the spectrum shown in Figure 14.8 are about 3,5 
and 5.2. The ratio of the integrals, therefore, is 5.2/3.5 = 1.5. This matches the ratio of the 
integrals calculated for 1,4-dimethyl benzene. (Later we will see that a signal at ~7 ppm is 
characteristic of a benzene ring.) 


HC=C — Усон ac сна 
1 N 
2 m си, 4 Br;CH / 
= =05 4 719 


From the direction of the electron flow around the benzene ring pictured in Figure 14.9 on ра) 
541 of the text, you can see that the magnetic field induced in the region of the hydrogens thai 
protrude out from the compound shown in this problem is in the same direction as the applied 
magnetic field, whereas the magnetic field induced in the region of the hydrogens that protruc 
into the center of the compound is in the opposite direction of the applied magnetic field. 


Thus, the signal at 9.25 ppm is for the hydrogens that protrude out because they need a smalle 
applied magnetic field to come into resonance due to the fact that the induced and applied 
magnetic fields are in the same direction. The signal at -2.88 ppm is for the hydrogens that 
protrude inward because a greater applied field is necessary to make up for the magnetic field 
that is induced in the opposite direction. 


a. A triplet is caused by two equivalent protons on an adjacent carbon. The two protons can | 
aligned in three different ways: both with the field, one with the field and one is against the 
field, or both against the field. That is why the signal is a triplet. There is only one way to 
align two protons that are with the field or two protons that are against the field. However, 
there are two ways to align two protons if one is with and one against the field: with and 
against or against and with. Consequently, the peaks in a triplet have relative intensities of 


| "Od 


И 


СНВ 


19. 


20. 


21. 
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b. А quintet is caused by four equivalent protons on adjacent carbons. The four protons can be 
aligned in five different ways. The following possible arrangements for the alignment of four 
protons explain why the relative intensities of a quintet are 1:4: 6:4 : 1. 


ME И ПО UH 
ПИ Wit UU 
Ntt М HN 
Wr ИИ WT 


ІШ 
И 


The signal between 10-12 indicates that the compound is a carboxylic acid. From the molecular 


formula and the splitting patterns of the signals, the spectra can be identified as the "HNMR 
spectrum of: 


О 
а. CH,CHCOH b. CICH,CH,COH 
Cl 
a. 3 signals b. 2 signals с. 3 signals 
ІСН,СН,СН,Вг CICHCH;CH;CI ICH;CH;CHBr, 
triplet | triplet triplet triplet | triplet 
multiplet quintet 


multiplet 


The contributing resonance structures show that the nitro group’s ability to withdraw electrons 
by resonance causes the C-2 and C-4 positions of the resonance hybrid (the actual structure of 
the compound) to have a partial positive charge. The nitro group’s ability to withdraw electrons 
inductively (through the sigma bonds) causes the partial positive charge to be greater at C-2 than 
at C-4. Therefore, the H, proton has the least electron dense (less shielded) environment, so its 
signal appears at the highest frequency. The C-3 position does not have a partial positive charge. 
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Therefore, the H, proton has the most electron dense (most shielded) environment, so its signal 
appears at the lowest frequency. 


||| - -О 07 о о- FO: „өт о 
ІШІ: 9.79 Ми N47 Avy Ney 
ІШІ: N N 
| | | Hc " P 2 

| КОО H N 

à at a + 

| 1 Hp 


| i 22. Each compound will have two doublets. In addition, A will have 2 doublet of doublets, B will 
EE have one doublet of doublets and a singlet, and C will have no other signals. 


| | | Вг Br 
FI Br 


| 3 d 4 signals 2 signals 
| (2 doublets and (1 sin 
| glet, (2 doublets) 
| 2 doublet of doublets) 2 doublets and, 
| 1 doublet of doublets) 
| 23. 
Pr Pr | 
НГЕН; BrCH;CH;CH,Br CH;CH;CHBr CH,CHCH,Br 
| Br | 
у 1 signal 2 signals 3 signals 3 signals 


2 triplets anda multiplet 2 doublets and а multiplet 


24. а. The signal at -7.2 ppm indicates the presence of a benzene ring. If the ring has a single 
substituent, it has a molecular formula of C6H5. Subtracting СеН; from the molecular 
formula of the compound (СУН) – C6H5) gives a substituent with a molecular formula of 


C3H;. The triplet at ~0.9 ppm indicates а methyl group adjacent to a methylene group. The 


identical integration under the signals at 1.6 ppm and 2.6 ppm indicate two methylene groups. 
Thus, the compound is propyl benzene. 


TERRI 


b. The triplet and quartet indicate a СНЗСН) group bonded to an atom that is not bonded to any = 
hydrogens. The molecular formula of С5Н 00 indicates that the compound is diethyl ketone. 


| 
: CH;CH,CCH,CH; 
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c. The signals between ~7-8 ppm indicate the presence of a benzene ring. The observation that 
there are 3 benzene rings signals indicates the compound has a mono-substituted benzene 
ring or a 1,3-disubstituted benzene ring. Since none of the 3 benzene ring signals is a singlet, 


we know that the compound has a mono-substituted benzene ring. Subtracting СН; from the 
molecular formula of the compound (СН |00; – C6H5) shows that the substituent has a 
molecular formula of C4H50,. 


The triplet and quartet suggest a СН;СН; group. Therefore, we can conclude that the 
compound is one of the following. 


95 О 
| Y. li 
СОСН,СН) or OCCH,CH, 


|| А В 

11 Compound А withdraws electrons from the benzene ring, whereas compound B donates 
electrons into the benzene ring. Because one of the peaks of the benzene ring signal is at a 
higher frequency (farther downfield) than usual (> 8 ppm) suggests that an electron- 
withdrawing substituent is present on the benzene ring. 


Н This is confirmed by the signal for the CH» group at 3.8 ppm, indicating that the methylene 
= group is adjacent (о the electron-withdrawing oxygen. Thus, the compound is compound A. 


il 
TRLN 


25. 
dofd. ig 
t q у | t mtos 
$ | H ОН “ у (У 
а. CH3CH,CH,CH, 4 c= р f. CH,CH;CH;CCH, 
S Hu H qun m t 
1 | у 
b. BrCH,CH,Br dofd m & CH;CH;CHCH;CH; 
| Cl 
d of d m d The Н on C2 will not 
Y у ү be split by the H оп 
H Cl C-3, since they are 
б \ / e d> equivalent. 
у С The H's on C-6 will not be split 
H H 5 4 by the H's on C-5, since the 
4 5 Н on С-5 and C-6 are equivalent. 
d of d d of d 
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26. 


27. 
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d mt А n | 
$ уу n са g 
h. CH;CHCH;CHCH; k. СН; CH; . беш 
\ 
а 


CH, CH, s > H’ H 
dofd 
d q у В d of d 
Vv ENS Ж { 
- CHCH «t : ө ay „СН 
Вг A Br DRM 
d H H 
d d dofd а 1 А 
s yy 5 а m 


Vy 
Y Y 
j. c ось, un t > NO, 
MEM || | 
а. СНҘОСН;СН;ОСН; b. There are 3 possibilities. c. HC CH 
О О 


CH,CCH,CH,CCH, oe 
CH30CH,C=CCH,OCH; О CH, 
Each spectrum is described going from left to right. 
a. BrCH;CH;CH,CH,Br BrCH,CH,CH,Br ВгСН,СН,Вг 
triplet triplet triplet quintet singlet 
b. two triplets (close to each other) singlet multiplet 
(Appendix VI on page A-20 of the text indicates that a methylene adjacent to an RO and а 
methylene adjacent to a Br appear at about the same place.) 
c. singlet (Equivalent H's do not split each other.) 
d. quartet singlet triplet 1. triplet quintet 
e. three singlets k. triplet doublet of doublets multiplet doublet 
f. three doublets of doublets l triplet singlet quintet 
8. quartet triplet m. singlet (Equivalent H's do not split each other.) 


h. singlet quartet triplet n. singlet (Equivalent H's do not split each other.) 


i. doublet multiplet doublet о. singlet 
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There is no coupling between H, and H, because they are separated by four с bonds. 


There is no coupling between Hy and H, because they are separated by four o bonds and one п 
bond. 


The IR spectrum indicates a benzene ring (1600 cm and 1500!) with hydrogens on sp? 


carbons, and no carbonyl group. The absorption bands in the 12507 -1000' region suggests there 
are two 

C-O single bonds, one with no double bond character and one with some double bond character. 
The two singlets in the ІН NMR spectrum with about the same integration suggest two methyl 
groups, one of which is adjacent to an oxygen. That the benzene ring protons (6.7-7.1 ppm) 
consist of two doublets indicates a 1,4-disubstituted benzene ring. 


сњо Vcn, 


Solved in the text. 


The H of a carboxylic acid is more deshielded than the H of an alcohol as a result of electron 
delocalization. 


R O—H R O—H R—O—H 


The greater the extent of hydrogen bonding, the greater the chemical shift. Therefore, the !H 
NMR spectrum of pure ethanol would have the signal for the OH proton at a greater chemical 
shift because it would be hydrogen bonded to a greater extent. 
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34. 


35. Бірше 14.29 is the ІН NMR spectrum of propanamide. Notice that the signals for the N-H 
protons are unusually broad. Because of the partial double bond character of the C-N bond, the 
two N-H protons are not chemically equivalent. The quartet and triplet are characteristic of an 


ethyl group. 
co: To 
| | 
<2 > С 
wi А 
CHCH, М-Н CH3CH, үн 
Н Н 
36. a. 1. 3 5.3 8.3 
2.3 6.3 9.3 
3.3 7. 4 10. 2 
4. 2 


Ап arrow is drawn to the carbon that gives the signal at the lowest frequency. 


| 


1 || || 
b. 1. CH,CH,CH,Br 5.. CH;CH,COCH; 8. CH4CCH;CH;CCH; 


у у 


ЊС Н | О CH; 
2. “с-с” П 9. СН.СОСН 
2 У 6. CH,CHCH * 35 3 
Н.С H ён, | CH; 
(| СІ 
3. CH,CH,OCH, H H | 
7. 10. ш 
T 
н. Ж Н А Н 
4 LS H 
H 1 H 
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37. Басһ spectrum is described going from left to right. 
1. triplet triplet quartet 
3. triplet quartet quartet 


5. singlet quartet triplet quartet 


38. 
NO, NO, NO, 
NO, 
NO, 
NO, 
a. ІН NMR 2 signals 3 signals 1 signal 
b. 13C NMR 3 signals 4 signals 2 signals 
39. а. The signal at 210 is for a carbonyl carbon. There are ten other carbons in the compound and 
five other signals. That suggests the compound is a ketone with identical five-carbon alkyl 
groups. 
|| 
CH4CH;CH;CH;CH;CCH;CH;CH;CH;CH; 
b. Because there are only four signals for the six carbons of the benzene ring, the compound 


must be a 1,4-disubstituted benzene. 


Br -( Nonon; 


. The signal at 212 is for a carbonyl carbon. There are five other carbons in the compound 
and three other signals. That suggests the compound is a cyclic ketone. 


С 


d. The molecular formula indicates the compound has one double bond. Each of the two sp? 
carbons must be bonded to the same groups because the six carbons only exhibit three 
signals. Whether the compound is cis-3-hexene or trans-3-hexene cannot be determined from 
the spectrum. The coupling constants in an ІН NMR spectrum could distinguish the 
compounds because the coupling constant for trans protons is greater than the coupling 
constant for cis protons. 


e 


CH,CH,CH=CHCH,CH, 
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40. 


b а са 
снуснсснұсн, 
CH; 
b 


А 
В 


Point A shows that the "a" protons are split by the "c" protons. 
Point B shows that the "b" protons are split by the "d" protons. 


41. a. 1. 5 4. 2 


42. 


5 peaks 


43. 


d  septet 


у 


а b 
а. CH3CHN О, 


CH; 


b 1..7 4. 2 
2. 7 5.2 
3. 5 6. 4 
b. 
Ла 
Же 
8 peaks 
т 
t | t S 
Y Y 
a b Yo d 
d. CH;CH,CH,CCH,Cl 
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6 
2001 P 
CH 
a bd с by? 
CH; S 
a 
septet 
| | Ca t m quintet 
ov VI | 
b еј d c a c а b a 
e. CHjCHCCH,CH,CH; f. CICH;CH,CH;CH,CH,CI 


CH 
b) 


44. а. The spectrum must be that of 2-bromopropane because the NMR spectrum has two signals 
and the signal farthest upfield is a doublet. 


b. The spectrum must be that of 1-nitropropane because the NMR spectrum has three signals 
and the signals farthest upfield and farthest downfield are triplets. 


c. The spectrum must be that of ethyl methyl ketone because the NMR spectrum has three 
signals and the signals are a triplet, a singlet; and a quartet. 


45. Ву dividing the value of the integration steps by the smallest one, the ratios of the hydrogens are 
found to be3:2:1:9. 


40.5 27 13 118 _ 
405 _ 3 42122242, Bey 8 = 91 
i 54 po ЕЕ 13 


Assuming that the ratios are given in the downfield to upfield direction, a possible compound 
could be the following ester. 


T^ 0 
снус--снсосн; 
CH; CH;CI 


46. 
a. CH4CH;CHOCH; and СН;СН;ОСН,СН; 
— 4 signals 2 signals 7 
Е | b. BrCH;CH;CHjBr and BrCH,CH,CH,NO, 


2 signals 3 signals 


410 


с. 


d. 


e. 


f. 


в. 
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ÇH; CH; 
СН;СН--СНСН; апа 
2 signals 


CHO 
CH, 


2 signals with 
integration 3 : 1 


THs 
CH; {sc 
CH; 


3 signals with 
integration 9 : 4:3 


о о. 


2 signals 


CH;CHCI and 
CH; 


2 signals 


Cl 


signal farthest upfield = doublet 


H H 
Cl Cl 
3 signals 


CH, 
снҙссн;сн; 
СН; 
3 signals 


OCH, 
CH,CCH, 
OCH, 


2 signals with 
integration 1 : 1 


сњ 
сн, 


3 signals with 
integration 9: 5:2 


3 signals 
CHSCDCI 
CH; 
1 signal 
Cl Y^ 
D CH; 
and H—1—H 
Cl 


signal farthest upfield = singlet 


H Cl 
and 

Cl H 

2 signals 
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a. Chemical shift in ppm is independent of the operating frequency. 


b. Chemical shift in hertz is proportional to the operating frequency. 


e 


. The coupling constant is independent of the operating frequency. 


с. 


. The frequency required for NMR is lower than that required for IR, 
which is lower than that required for UV/Vis. 


a. ИМРЕ b. CH3CH,CH,CH,Br с. СН НЕШ 
CH; CH; 
Pr 
(Hs CHCH; | 
а. СНзССН,Вг b. СҮ с. CH;CH,COCH,CH, 
Вг 


The singlet at 210 indicates а carbonyl group. The splitting of the other two signals indicates an 
isopropyl group. The molecular formula indicates that it must have two isopropyl groups. ` 


|| 
ЄН НС НЕН; 
CH; CH; 
CH; 
шіге CEGEHEBICES 
Cl Cl 
tert-butyl chloride sec-butyl chloride 
Compound A Compound B 
52. 
= о CH; 9 | j 
Е а. SHSECEDECHS b. ОН НВ с. СН;СНССНСН; | 
CH; СН; СН» СН; 
ы. 
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53. 


54. 


55. 


56. 


Chapter 14 


HC. „СН CH, 
CH;CH,CH=CH, yore CH;C=CH, 
H H 
1-butene cis-2-butene 2-methylpropene 


It would be better to use 13С ММВ because you would only have to look at the number of 
signals in each spectrum: 1-butene will show four signals, cis-2-butene will show two signals, 
and 2-methylpropene will show three signals. (In the ІН NMR spectrum, 1-butene wil] Show 
four signals, and cis-2-butene and 2-methylpropene will both show two signals.) 


|| 
а. CH;CH,CH,CH,OCH, с. CH;CHCOCH, 
Cl 
тз j 
b. CH3C— COCH; d. CH;CH,CH,COH 
CH; 
i i i ie 
CH3CH,COCH, CH3COCH;CH, HCOCH,CH,CH, HCOCHCH, 
A B C D 
3 signals | 3 signals 4 signals 3 signals 
singlet, quartet, triplet singlet, quartet, triplet singlet, triplet singlet, septet 
(singlet farthest downfield) (quartet farthest downfield) multiplet, triplet doublet 


C can be distinguished from A, B, and D because C has 4 signals and the others have 3 signals. 


D can be distinguished from A and B because the 3 signals of D are a singlet, a septet, and a 
doublet, whereas the 3 signals of A and В are а singlet, a quartet, and a triplet. 


A and B can be distinguished because the signal farthest downfield in A is a singlet, whereas the 
signal farthest downfield in B is a quartet. 


It is the ІН NMR spectrum of tert-butyl methyl ether. 


CH; СН; 
CHjBr t анау 7—25, CH3C—OCH, 
CH; CH; 


59. 


60. 
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а 19 b. 26 36 
pur жб т)-он 
19 36 


The broad signal at ~2.9 ppm is for the H, proton that is bonded to the oxygen. The signal for the 
Hy protons is split into a doublet by the H, proton. The H, proton and the H, are each split by the 
H, proton; the coupling constant is greater for the trans protons. The H, proton is split by the Hy 
protons and by the H, proton and the H, protons. 


c e 
H H 
N / 
С=С 
Н СН-ОН 
а b a 


Each compound will have a singlet for the methoxy substituent and two doublets. In addition, А 
will have 2 doublet of doublets, B will have one doublet of doublets and a second singlet, and C 
will have no other signals. 


OCH; OCH, OCH, 
on 
NO, 
| NO, 
3 Signals 5 signals 3 signals 
2 d T and (2 singlets, (1 singlet and 
. 2 doublets and, 2 doublets) 
2 doublet of doublets) 1 doublet of doublets) 


a. The signals at ~7.2 ppm indicate that the compounds whose spectra are shown in a and b 
both contain a benzene ring. From the molecular formula, you know that there are five 
additional carbons in a, and the hydrogens on these carbons must all be accounted for by 
two singlets with integral ratios of ~ 1 : 4.5, indicating that the compound is 2,2-dimethyl- 
1-phenylpropane. 


CH; 


| 
С Nongo, 


CH, 


2,2-dimethyl-1-phenylpropane 


ШЕ 
us 


63. 
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a b 
c. CICH,CH,OH 
b a | | 
EN ке | | 
H 


о 3 
а---- frequency 


d. 

b a 

-«———— frequency ШЕ. 
e ———— | 


| m 
CH, carbons Ht 


M 


CH, carbons \ | 
ИЕН E а E 


CH carbons 


о aa ——————————— | 


all protonated carbons | | 


If addition of HBr to propene follows the rule that says the electrophile adds to the sp? carbon 
that is bonded to the greater number of hydrogens, the product of the reaction will give an NMR 
spectrum with two signals (a doublet and a septet). If addition of HBr does not follow the rule, 
the product will give an NMR spectrum with three signals (two triplets and a multiplet). 


Br 
| 
CH,CH=CH) + HBr ——> СН.СНСИз CH4CH;CH3Br 
follows the rule does not follow the rule 
2 signals 3 signals шш 
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ШІ! b. The two singlets have integral ratios of ~ 1 : 3, indicatin 


CH, 


ү | нс-/ сн, 


CH; 


| 61. 
| 
|| 
| Joc 
| 
| " 
5 signals 
62. 
a. 
c b a . doublet of triplets 
Но — 
== -5--- frequency 


g a methyl substituent 


: | substituent. The signals at ~7.1 and ~7.3 ppm indicate that the benzene ring ha 
hydrogens. Thus, the compound is 4-methyl-1-£ert-butylbenzene. 


4-methyl-1-tert-butylbenzene 


b ас 
CICH,CH,OH 


уң 


anda fert-buty| 
S two kinds of 


63. 
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a b 
c. CICH,CH,OH 
b a 
EM DM ER BE 
H 


[*] > 
--- frequency 


d. 
b a 
Но” Y | 
———— frequency КЕ 
a авиона са | | 
ү 


CH, carbons ho 


ERREUR CE CERE | 


CH, carbons | | | | 


СН carbons | 


e 
| 


all protonated carbons | | 


If addition of HBr to propene follows the rule that says the electrophile adds to the sp? carbon 
that is bonded to the greater number of hydrogens, the product of the reaction will give an NMR 
spectrum with two signals (a doublet and a septet). If addition of HBr does not follow the rule, 
the product will give an NMR spectrum with three signals (two triplets and a multiplet). 


Br 
| 
CH,CH=CH, + HBr ——3 CH,CHCH; CH,CH,CH,Br 
follows the rule does not follow the rule 
2 signals 3 signals 
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pg p 
a. (неси, с. SEN cer SE 


64. 


CH, CH, 
н. 

b. CH;C-CCH; d. СН;--СНОСН;СН; 
CH, 


65. Methyl bromide gives а signal at 2.7 ppm for its three methyl protons, and 2-bromo-2- 
methylpropane gives a signal at 1.8 ppm for its nine methyl protons. If equal amounts of each 
were present in solution, the ratio of the hydrogens (and, therefore, the ratio of the relative 
integrals) would be 3 : 1. Because the relative integrals are 1 : 6, there must be an 18-fold 
greater concentration of methyl bromide in the mixture. 


CH, 
| CH;CCH, 
| Bi di аса о dk 
| CHjBr 1 18 6 


li 
| | 66. ^ Using the formula given on page 528 of the text: 
| 


ba Жыр ыз. АЙ 
ДЕ = ћу or Bs 


Given: Planck's constant = h 


6.626 x 10-34 Js (page 140 in the text) 

1 са! = 4.184] (page 127 in the text) 
60 MHz = 140927 7 (раге528іп the text) 
Y for 1H = 2.675 x 108 T-1 5-1 


hY 
2n 


= 6.626х 10-34 у x 2675x108 Т-1 5-1 x 1.4092 T x lcal 
eee 25 5 403x ИО Ts 
2 (3.1416) 4.184 J 
= 9.50х 10-27 cal 


AE 


B, 


67. АП four spectra show а singlet at -2.0 ppm suggesting they are all esters with a methyl group 


attached to the carbonyl group. So now the problem becomes determining the nature of the 
group attached to the oxygen. 


| 
CH4CO-R 


68. 


69. а. 
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. The signal farthest downfield in the first spectrum is a triplet, indicating that the carbon 


attached to the oxygen is bonded to a CH, group. The signal farthest upfield is also a triplet, 


indicating that it too is attached to a CH, group. The presence of two multiplets confirms the 
structure. 
О 


| 
CH;,COCH,CH,CH,CH, 


. The signal farthest downfield in the second spectrum is a multiplet, indicating that the carbon 


attached to the oxygen is attached to two non-equivalent carbons bonded to hydrogens. 


The signal farthest upfield is a triplet, indicating that it is attached to a CH, group. 
The doublet at ~1.2 ppm is a methyl group attached to a carbon bonded to a one hydrogen. 


| 
CH;COCHCH,CH, 
сн; 


. The signal farthest downfield and the signal farthest upfield in the third spectrum are doublets, 


indicating that the carbon attached to the oxygen and the terminal carbon of the group are 
both attached to a CH group. 


CH, OCH,CHCH, 
бн, 
The group attached to the oxygen in the fourth spectrum has only one kind of hydrogen. 
О СН, 
CH, COCCH, 
СН. · 
а ni 
CH;CHCHCH, ——X CH;CH;CCH; 
OH Br 

compound А compound B 


The IR spectrum indicates that the compound is a ketone. The doublet in the NMR spectrum 
at ~0.9 ppm suggests an isopropyl group. There is a singlet at ~2.1 ppm on top of a multiplet, 
and a doublet at ~2.2 ppm. Knowing that the compound contains 6 carbons helps in the 
identification. 


i 
CH;CCH,CHCH; 
CH; 


| 
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b. The IR spectrum indicates that this oxygen-containing compound is not a carbonyl compound 


| or an alcohol; the absorption band at ~1000 ст! suggests that it is an ether. The doublet at 
~1.1 ppm suggests an isopropyl group. Since there is only one other signal in the NMR 
spectrum, the compound must be a symmetrical ether. The compound is diisopropy] ether. 


CH,CHOCHCH; 
CH; CH; 


с. The absorption band at ~3400 cm! indicates an alcohol. The two signals at 7.3 and 8.1 ppm 
indicate a 1,4-substituted benzene ring with a strongly electron-withdrawing substituent. The 
two triplets indicate that the four-carbon substituent is not branched. 


| _ d. The absorption bands at ~1700 ст“! and 2700 cnr! indicate the compound is an aldehyde. 

| The two doublets at ~7.0 and 7.8 ppm indicate а 1,4-disubstituted benzene ring. That none of 

| the ММК signals is а doublet suggests that the aldehyde group is attached directly to the 
benzene ring. The two triplets and two multiplets indicate an unbranched substituent. The 
triplet at - 4.0 ppm indicates that the group giving this signal is next to an electron- 


withdrawing group. 
|| 
CH4CH;CH;CH;O CH 


70. — Since each of the three carbons is in a different environment, the compound must be 1,1,2- 
trichloropropane. 


Cl сі СІ 
2X а or A 
Cl 


71. а. The IR spectrum indicates it is a ketone; the mass spectrum tells you it is a ketone with 7 
carbons. The fact that there are only 3 signals in the NMR spectrum suggests it is a 
symmetrical ketone. The splitting pattern confirms the structure. 


И 
CH,CH,CH,CCH,CH,CH, 


b. The M + 2 peak tells you the compound contains chlorine; the IR spectrum indicates it is a 
ketone; the NMR spectrum indicates it has a monosubstituted benzene ring. The singlet at 
~4.7 indicates that the group giving this signal is in a strongly electron-withdrawing 
environment. The integration tells you that the two kinds of hydrogens are in a 2.5 : 1 ratio. 


i 
{Уна 


72. 


73. 
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The DEPT C NMR spectrum indicates that the compound has five carbons bonded to 
hydrogens. The molecular formula tells us that the compound has six carbons and an oxygen. 
The sixth carbon is not bonded to a hydrogen, suggesting a ketone. The following ketone has the 
single CH, group, the single CH group, and the three СН; groups indicated by the DEPT 
spectrum. | 


О 
|| || 
CH4CCH;CH;CH-—CH,; or СН;СН;СН;ССН--СН; 


There is a singlet for the three methyl groups that are attached to the quaternary carbon. The 
singlet is on top of the triplet for the other methyl group. The methylene group shows the 
expected quartet. 


CH; 
CH;CCH;CH; 
CH, 
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Chapter 14 Practice Test 


“1. How many signals would you expect to see in the ІН NMR spectrum of each of the following 
compounds? 

1 

i 

CH4CH;CH;CCH,; ВО НОВО CH;-—CHCH 
Cl 
Cl 
CH, CH; 
NO, | | 
CH4CHCH;CHCH; 
Cl 
2. Indicate the multiplicity of each of the indicated sets of protons. (i.e., indicate whether it is a 


singlet, doublet, triplet, quartet, quintet, multiplet, or doublet of doublets.) 


0 О 
| | 
СНзСН2ССН: u-( ко, 


aN 
н. К 
= с. ИЗ CHC! CICH,CH,CH,OCH; 
CH,0CH,CH,CH,OCH; BrCH;CH,Br 


3. How could you distinguish the following compounds using !H NMR spectroscopy? 


| | i 
CH4COCH;CH; CH;CH,COCH, HCOCH,CH,CH, 
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Indicate whether each of the following statements is true or false: 


a. The signals on the right of an NMR spectrum are deshielded compared to the 
signals on the left. T F 


b. Dimethyl ketone has the same number of signals in its ІН NMR spectrum as 
in its PC NMR spectrum. T F 


c. In the ІН NMR spectrum of the compound shown below, the lowest frequency 
signal (the one farthest upfield is a singlet and the signal farthest downfield is a 
doublet. T F 


Or 


d. The greater the frequency of the signal, the greater its chemical shift in ppm. T F 


For each compound: 


a. Indicate the number of signals you would expect to see in ІН NMR spectrum. 

b. Indicate the hydrogen or set of hydrogens that would give the highest frequency (farthest 
downfield) signal. 

c. Indicate the multiplicity of that signal. 

d. Indicate the relative integrals going from left to right across the spectrum. 


О 
|| 
а. CH3CH,CH,Cl b. СН;СН;СОСН; с. сасною 
Вг 


For each compound of Problem 5: 


a. Indicate the number of signals you would expect to see in its proton-decoupled 13C NMR 
spectrum. 
b. Indicate the carbon that would give the highest frequency (farthest downfield) signal. 


c. Indicate the multiplicity of that signal in a spin-coupled 13С NMR spectrum. 
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Aromaticity • Reactions of Benzene 


Important Terms 


aliphatic compound 


annulene 


antiaromatic compound 
aromatic compound 


benzyl group 


Clemmensen reduction 
electrophilic aromatic 
substitution reaction 


Friedel-Crafts acylation 
Friedel-Crafts alkylation 
Gatterman-Koch reaction 


halogenation 
heteroatom 


heterocyclic compound 
(heterocycle) 


Hiickel’s rule 
or the 4n + 2 rule 


nitration 


an organic compound with a higher hydrogen-to-carbon ratio than an 
aromatic compound. 


a monocyclic hydrocarbon with alternating double and single bonds, 


à Cyclic and planar compound with an uninterrupted cloud of 
electrons containing an even number of pairs of л electrons. 


à cyclic and planar compound with an uninterrupted cloud of 
electrons containing an odd number of pairs of л electrons. 


Oren 


a reaction that reduces the carbonyl group of a ketone to a methylene 
group using Zn(Hg)/HCI. 


а reaction in which an electrophile substitutes for a hydrogen of an 
aromatic ring. 


an electrophilic substitution reaction that puts ап acyl group on a 
benzene ring. 


an electrophilic substitution reaction that puts an alkyl group on a 
benzene ring. - = 


а reaction that uses а high-pressure mixture of carbon monoxide and 
HCI to form benzaldehyde. 


reaction with halogen (Bro, Сі»). 
an atom other than a carbon atom or a hydrogen atom. 


à Cyclic compound in which one or more of the atoms of the ring are 
heteroatoms. 


the number of л electrons in a cyclic uninterrupted л cloud that a 
cyclic and planar compound must have in order to be aromatic. 


substitution of a nitro group (NO») for a hydrogen of a benzene ring. 


А rinciple of microscopic 
freversibility 


sulfonation 


1 Wolff-Kishner reduction 
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О = 


states that the mechanism for a reaction in the forward direction has 
the same intermediates and the same transition states as the 
mechanism for the reaction in the reverse direction. 


substitution of a hydrogen of a benzene ring with a sulfonic acid 
group (SO3H). 


a reaction that reduces the carbonyl group of a ketone to a 
methylene group using МН2МНо/НО-. 
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Solutions to Problems 


a. In the case of 9 pairs of л electrons, there are 18 electrons. 
Therefore, Ап +2 = 18 andn = 4. 


b. Because it has ап odd number of pairs of 1 electrons, it will be aromatic if it is cyclic, planar, 
and if every atom in the ring has a p orbital. 


b, c, e, and g are aromatic. 


b is aromatic, because it is cyclic, planar, every atom in the ring has a p orbital, and it has seven 
pairs of л electrons. 


€ is aromatic, because it is cyclic, planar, every atom in the ring has a p orbital, and it has three 
pairs of л electrons. 


e is aromatic, because it is cyclic, planar, every atom in the ring has a p orbital, and it has nine 
pairs оЁл electrons. 


g is aromatic, because it is cyclic, planar, every atom in the ring has a p orbital, and it has five 
pairs of л electrons. 


a is not aromatic, because it has two pairs of л electrons. 


d is not aromatic, because it has two pairs of 7t electrons and every atom in the ring does not 
have a p orbital 


f is not aromatic, because it has two pairs of п electrons and every atom in the ring does not 
have a p orbital 


h is not aromatic, because it is not cyclic. 


а. Solved in the text. 


b. There are five monobromophenanthrenes. 
Br 
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4, To be aromatic, a compound must be cyclic and planar, every atom in the ring must һауе ар 
| orbital, and the л cloud must contain an odd number of pairs of л electrons. 


[10]-Annulene is cyclic, every atom in the ring has a p orbital, and it has the correct number 
of л electrons to be aromatic (five pairs). Knowing И is not aromatic, we can conclude that it is 
not planar. 


[12]-Annulene has an even number of pairs of л electrons (six pairs) in its л cloud, so it cannot 
be aromatic. 


cO gD 
| 4 


sp2 


6. a. The nitrogen atom (the atom at the bottom of the epm) in pyrrole has a partial positive charge 
because it donates electrons by resonance into the ring. 
b. The nitrogen atom (the atom at the bottom of the epm) in pyridine has is the most 
electronegative atom in the molecule. · | 


c. The relatively electronegative nitrogen atom in pyridine withdraws electrons from the ring. 


7. Cyclopentadiene has a lower рКа. When cyclopentadiene loses a proton, a relatively stable 
aromatic compound is formed. When cycloheptatriene loses a proton, an unstable antiaromatic 
compound is formed (Section 15.5). It is, therefore, easier to lose a proton from cyclopentadiene. 


H H но 
агота с 


н H не“ 
antiaromatic 


+20 napter 15 


8. 
а. 1. Notice that each resonance contributor has a charge of -1. 


2 n- У 
QM a OB 


2. Notice that each resonance contributor has a net charge of 0. 


; 5 DO- % 
EU ЖК. <> A <> _ к —— ( о \ 
|ы + + 
a N N Ñ N N 
il ? н т i: 
ЛІ b. 1. fivering atoms 
E 2. fourring atoms 
EH 
ih 
|| 
|| 


| 9. а. The three resonance contributors marked with an X are the least stable because in these 
| contributors the two negative charges are on adjacent carbons. 


b. Because these contributors are the least stable, they make the smallest contribution to the 
hybrid. | 
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T 10. а. Cyclopropane has a lower рКа because an antiaromatic compound is formed when 
| cyclopropene loses а proton. 


Y perles y + H* 
H H н“ ^ 


antiaromatic 
У — У + 
H H H 1 


b. 3-Bromocyclopropene is more soluble in water, because it is more apt to ionize since 
heterolytic cleavage of its carbon-bromine bond forms an aromatic compound. 


Y - y * Br^ 
Br : 


aromatic 


Y = \ у + Вг 
Вг У 


ll.  aisantiaromatic because it is cyclic, planar, every atom in the ring has a p orbital, and it has 
two pairs of л electrons. 


When you did Problem 2, you found that b, c, e, and g are aromatic. 


d, f, and h are neither aromatic nor antiaromatic. d and f have ring atoms that do not have р 
orbitals, and В is not cyclic. 


12. Cyclobutadiene has 1 bonding molecular orbital, 2 nonbonding molecular orbitals, and 1 
antibonding molecular orbital. 


Because each of its four atoms has a p atomic orbital, it has 4 л electrons; 2 л electrons are in the 


bonding л molecular orbital, and each of the two nonbonding molecular orbitals contains one л 
electron. 


13. Мо. To be aromatic, all the bonding molecular orbitals must be filled and there must be no 
i partially filled orbitals. Each orbital contains two electrons. Since a radical has an unpaired 
electron, there will be an orbital with a single electron (a partially filled molecular orbital). A 
radical, therefore, cannot be aromatic. 
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14. The compounds with completely filled bonding orbitals and electrons іп no other orbitals are 
aromatic (the cycloheptatrienyl cation and the cylopropenyl cation). 


ыы V g 


cycloheptatrienyl cation cyclopropenyl cation 


The compound with unpaired electrons in degenerate orbitals is antiaromatic 
m (the cycloheptatrienyl anion). 


li — een 
| | + + 
li Ard 


cycloheptatrienyl anion 


|| 15. 
| i 
d а. CH,;CHCH,CH,CH,CH, с. CH3;CH,CHCH,CH, d. 


i | СН,Вг 
| CH, e 

| 

| Ь. СҮ 


16. Because benzene is an aromatic molecule, it is particularly stable. Therefore, electrophilic 
addition to benzene is an endergonic reaction because benzene is more stable than the non- 
aromatic addition product. (See Figure 15.4 on page 606 of the text.) 


An alkene is much less stable than benzene because it does not have any delocalized electrons. 
Electrophilic addition to an alkene is an exergonic reaction because an alkene is less stable than 


the addition product. (The overall reaction trades a с bond and ал bond into two с bonds; a 6 
bond is stronger and, therefore, of lower energy than a 7t bond.) 


17. The two compounds undergo electrophilic aromatic substitution at the same rate. Breaking the 
C—H or C—D bond occurs is a fast step after the rate-determining step. Therefore, the 
Nd difference in the rate of breaking a C—H or C—D bond will not affect the rate of electrophilic 
aromatic substitution. 
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3 ів. Hydrated ferric bromide cannot activate Brz for nucleophilic attack by accepting a pair of 
я electrons from it, because it has already accepted a pair of electrons from water. 


é Br 

М est | - 
LE M —Br 

H Br 


19.  Insulfonation, A to B has a smaller rate constant (a higher energy hill and, therefore, a slower 
reaction) than B to C; А to B is the rate-determining step. || 


In desulfonation (the reverse reaction), С to B has a smaller rate constant than B to A, but B to А 
is the rate-determining step. That is because once B is formed, it is easier for it to go back to С 
than to proceed to А, so B to А is the bottleneck (or rate-determining) step. 


This example shows that the rate-determining step of a reaction is not necessarily the step with 
the smallest rate constant; it is the step that has the transition state with the highest energy on the 
reaction coordinate. 


Free Energy 


г 
Progress of the Reaction 


20. 


<:0 О О 
|| || + + Т _ 
R-C~O-C-R + АІС, --”- |к—С=О: === R-C—O:| + R—C 


СР. acylium ion 
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"i 21. 
| 


| || а AIC == == 


22. 


CH,CH—CH, + Н-Е ——>» CH,CHCH, + Е 


| CH; 


| 
СНСН. CHCH, 
+ СНҘСНСН; —> Се = —— CY 
+ 
В: У 


23. 
CH, 


a. H;CH; с. CH4CH;CHCH, e. СН;ССН; 


CH; 
b. CH,;CHCH; d. CH;CCH,CH, f CH,CH=CH, 


Chapter 15 431 


сн;снсн;сн;сн; 
CH,CHCH;CH;CH; 


a. 
a 
Alc, ^ 


i 
1. CH,CH;CH;CH;CCI 


О А 
> + AICI | 
Жары (убио 
112 


| 

NR NHNH,/HO ЈА | 
{_%У—снснснусн,сн, | 

| 


ог 
| 
( уь + (CH;CH,CH,CH,),CuLi ---- Дуо | 


ог 


_ Pd(PPhj, | 
Br + (CH4jCH;CH;CH5A4Sn. TH CH,CH,CH,CH,CH; | 


25. | | 

+CH, | 

-0A ОУ ФОЈО | 

М т М 

Н p | 

_ CH, | 
/ N so N E 

| к Је i 
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26. 


27. 


28. 


29. 
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antiaromatic [| i 
N 


4 


By not being flat, cyclooctatetraene avoids 
being antiaromatic. 


H 
Notice that the nitrogen atoms in compounds such as 7 Ы БЕ 
those to the right are sp? hybridized, because if they M ( | \ | 
were sp? hybridized, the compounds would be H N N 
unstable antiaromatic compounds. H H 


CH; CH, 


| 
а. СН;ССН; b. СН.СНСН, с. CH3CCH,CH, d. 
С С С (= 
а. WV b. c. 3 d 
у Су 


It is aromatic. It is aromatic. It is aromatic. It is not antiaromatic. 


The methyl group on benzene can lose. а proton easier than the methyl group on cyclohexane 
because the electrons left behind in the former can be delocalized by resonance into the benzene 


ring. 
(cu tm (Уен 


а. Вг 
Ә.О” == OO 
у CY (CH3CH,),N o> 


C O 
b. b 


=O 


32. 
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The 'H NMR spectrum is the spectrum of 1-phenylbutane: the benzene ring protons show a 
signal at ~ 7.2 ppm. The two triplets and two multiplets indicate a butyl substituent. 


{_У—сыснснсн, 


Therefore, the acyl chloride has а straight chain propyl group and a carbonyl group that will be 
reduced to a methylene group. 


i 
CH,CH,CH,CCI 


a. Pyridine is a stronger base because its nonbonding electrons are not part of the л cloud. 
Thus, when it is protonated, it is still aromatic. 


The nonbonding electrons of pyrrole are part of the л electron cloud, so when pyrrole is 
protonated, it loses its aromaticity. 


"S 
| The lone-pair electrons 
К E The lone-pair electrons N 42, are part of the л cloud. | 
М are not part of ће л cloud. | 
pyridine pyrrole | 


b. The compound with the carbon-nitrogen double bond is a stronger base because it has 
increased electron density on one of the nitrogens as a result of resonance. 


Кн NH 
ee + 
СН;С--МН, = CH4C-—NH; 
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33. а. In fulvene, the electrons move toward the five-membered ring because the resonance 
contributor that has a negative charge on a ring carbon is aromatic. 


= 


[en =— 


fulvene 


b. In calicene, the electrons move toward the five-membered ring because both rings are 
aromatic in the resonance contributor that has a negative charge on a carbon of the five- 
membered ring and a positive charge on a carbon of the three-membered ring. 


| | 34. The contributing resonance structure that is shown indicates which nitrogen is most apt to be 
ІН protonated and which nitrogen is least apt to be protonated. 
| 


| most apt to be 
| Y protonated 
| 


N N: 
М №2 
LO — 96 
H X — least apt to be 
protonated 


CH; | 
QOO O&O 
CH; 


35. 
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CH; CH; cis 
| 
Н 
Н" 
— — 
12-hydride 


shift 


CH; СН; 
+ 
CH,CH; с — 
HB + 
В: 


т 
а 
i 
а 
3) 
~ 
ior 
we 
а 
я 
о 
Ox 
|| 
С) 
ts 
д 
i 
Q-—O 
ня 


+ 
О 
/ 
О 
/% 
О 
> 
© 


~ 
а " ІІ а ^ AIC, 
CH 


2. 


3. 


4. 


5. 
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Chapter 15 Practice Test 


Which are aromatic compounds? 
ҮО99УО 
Which are antiaromatic compounds? 
YTOo a 70) 
+ - x Е 
Which compound has the greater resonance energy? 


Draw the resonance contributors for the carbocation intermediate that is formed when benzene 
reacts with an electrophile (Y^). 


Which of the following is a stronger acid? 
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CHCH ОН 
@ Ма Q 3-12 C) Na Q + Nat 
Nat H H H H 


+ 


+ СН;СН;0 јоњсњон 


NEP 
| jj 


* 39. From the three resonance structures for the cyclohexadienyl anion, the bond orders in the 

d resonance hybrid can be calculated. (For example, the C1-C2 bond is represented by a single 

| bond in one resonance structure and by a double bond in two resonance structures, which gives | 
a bond order 1+ 2/3 in the hybrid.) 


ғ, 
# =——> 5 _ => í 
i. H H H H H H 
| contributing resonance structures 
11/3. 11/3 
12/3 12/3 


Ж.Ж 7% 


LAI resonance hybrid 1—2 
i | 


1,4-cyclohexadiene | 1,3-cyclohexadiene 


Comparing the bond order difference in each bond in the anion and in the corresponding bond in 
the possible products, there is a (1/3 + 1/3 + 1/3 + 1/3 = 4/3) 4/3 difference in bond order when 
1,4-cyclohexadiene is formed and a (1/3 + 1/3 + 2/3 + 2/3 = 6/3) 6/3 difference in bond order 
when 1,3-cyclohexadiene is formed. Thus, the principle of least motion predicts that 1,4- 
cyclohexadiene will be the major product, since its formation from the anion involves less of a 
change in electronic configuration. 


а 40. Тһе observation that cyclobutadiene is rectangular and the observation that there are two 
different 1,2-dideutrio-1,3-cyclobutaidenes both indicate that the 7 electrons are localized rather 


than delocalized. Localization of the т electrons prevents the compound from being antiaromatic 
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Chapter 15 Practice Test 


Which are aromatic compounds? 
vOOOv() 
Which are antiaromatic compounds? 
TOO OVO) 
+ - кі = 
Which compound has the greater resonance energy? 


Draw the resonance contributors for the carbocation intermediate that is formed when benzene 
reacts with an electrophile (Y^). 


Which of the following is a stronger acid? 
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Give two alkyl halides, two alkenes, and two alcohols that could be used in a reaction with 
benzene to form 2-phenylbutane. 


What acid anhydride would you use in a synthesis of 1-phenylpropane? 


Which in each of the following pairs is more stable? 


+ 
а. СНСН; CHCH, 
LI o LX 


* + 
b. CH,CHCH,CH, ог CH,CHCH-CH, 
7 


{ 


2 | - | 
с. CH,CHCH,CCH, or CH,CHCCH, 


~ 


Give the mechanism for formation of the nitronium ion from nitric acid and sulfuric acid. 
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Reactions of Substituted Benzenes 


Important Terms 


activating substituent 


arenediazonium salt 


azo linkage 
benzyne intermediate 
cine substitution 


deactivating substituent 


direct substitution 


donate electrons by 
resonance 


fused rings 


inductive electron 
donation 


inductive electron 
withdrawal 


meta director 
nitrosamine 


N-nitroso compound 


a substituent that increases the reactivity of an aromatic ring. Electron- 
donating substituents activate aromatic rings toward electrophilic attack, 
and electron-withdrawing substituents activate aromatic rings toward 
nucleophilic attack. 


+ = 
ArNEN X 
an -N=N- bond. 
a compound with a triple bond in place of one of the double bonds of 
benzene. | 


substitution at the carbon adjacent to the carbon that was bonded to the 
leaving group. 


a substituent that decreases the reactivity of an aromatic ring. Electron- 
withdrawing substituents deactivate aromatic rings toward electrophilic 
attack, and electron-donating substituents deactivate aromatic rings toward 
nucleophilic attack. 

substitution at the carbon that was bonded to the leaving group. 


donation of electrons through p orbital overlap with neighboring 7t bonds. 


rings that share two adjacent carbons. 


donation of electrons through a o bond. 


withdrawal of electrons through a o bond. 


a substituent that directs an incoming substituent meta to an existing 
substituent. 


an amine with a nitroso (-N=O) substituent bonded to its nitrogen atom. 


an amine with a nitroso (-N=O) substituent bonded to its nitrogen atom. 
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nucleophilic aromatic 
substitution 
ortho-para director 
resonance electron 
donation 


resonance electron 
withdrawal 


Sandmeyer reaction 
Schiemann reaction 


SNAr reaction 


withdraw electrons by 
resonance 


a reaction in which a nucleophile substitutes for an atom or group bonded 
to a benzene ring. 


a substituent that directs an incoming substituent ortho and para to an 
existing substituent. 


donation of electrons through p orbital overlap with nei ghboring п bonds. 
withdrawal of electrons through p orbital overlap with neighboring п 
bonds. 

the reaction of an arenediazonium ion with a cuprous salt. 

the reaction of an arenediazonium ion with HBF4. 

a nucleophilic aromatic substitution reaction. 


withdrawal of electrons through p orbital overlap with neighboring т 
bonds. 


golutions to Problems 


1, 


a. ortho-ethylphenol or 2-ethylphenol 
b. meta-bromochlorobenzene or 3-bromochlorobenzene 
c. meta-bromobenzaldehyde or 3-bromobenzaldehyde 


d. ortho-ethyltoluene or 2-ethyltoluene 


а. сн; b. сн; с. CH; 
он 
NH, сн; 
а. СН; с. МН, е. ОН 


6. 


Chapter 16 441 


Cl 


HC=O 


NO, Br NO; 
СІ ON 


I 
b. ОН d. | CEN . а 


СІ | OL. 


Br 


a. 1,3,5-tribromobenzene 


с. para-bromotoluene or 4-bromotoluene 


b. meta-nitrophenol or 3-nitrophenol d. ortho-dichlorobenzene or 1,2-dichlorobenzene 
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5. 
СООН СН;ОСН; 
о” +o 
СООН CH,CH,NH, 
b. di СҮ 
СООН 
6. а. Solved in the text. 


А more direct method that can be used to synthesize benzaldehyde from benzene is via the 
Gattterman-Koch reaction (see p. 613 of the text). 


Pr 
b. CH,C H3 CHCH, 
CH3CH,Cl МВ5, А 
АІСІ; регохіде 
| tert-BuO- 


c. CH=CH) СН;СН,Вг 
7 == О 
` peroxide 


product of b 


d. CH=CH, CH,CH,OH 
1. ВН; 
2. HO; H,0,,H,0 


product of b 
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NO, NH; 
e. HNO, Н, 
H4SO, Pd/C 


f CH; 2 COOH 
: CH;Cl Na,Cr,07, Н 
AICI, A 


. donates electrons by resonance and withdraws electrons inductively 


= 
ы 


. donates electrons inductively 

c. withdraws electrons by resonance and withdraws electrons inductively 
d. donates electrons by resonance and withdraws electrons inductively 
e. donates electrons by resonance and withdraws electrons inductively 


c 


f. withdraws electrons inductively 


8. a. phenol > toluene > benzene > bromobenzene » nitrobenzene 


b. toluene > chloromethylbenzene > dichloromethylbenzene » difluoromethylbenzene 


9, Solved in the text. 


The above resonance structures show there is positive charge density on the ortho and para 
positions, so an incoming electrophile will avoid those positions. 


By drawing the resonance structures for the carbocation intermediates formed by putting a 
substituent at various positions, you will see that the most stable carbocation is obtained 
when the substituent is placed in the meta position. 
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сё +С: + СЁ ЕСІ: :u 
| Y > 
C: 


Resonance electron donation increases the electron density at the ortho and para positions, 
so an incoming nucleophile will be attracted to those positions. 


By drawing the resonance structures for the carbocation intermediates formed by putting a 
substituent at various positions, you will see that the most stable carbocation is Obtained 
when the substituent is placed in the ortho or para position. 


IU 11. 
| | 
||| a. СНСН:СН, CH,CH,CH, с. CH d. 50;Н 
iN NO, 
pi + 
E NO, NO, 
а NO, 
| b. Br Br e. Eu 
| NO, 
4 NO, 
+ NO, 
NO, 
NO, 


12. They are all meta directors: 


а. this group withdraws electrons by resonance from the ring. The relatively electronegative 
nitrogen atom causes it to withdraw electrons inductively from the ring. 


Mime 


| b. NO» withdraws electrons inductively and withdraws electrons by resonance. 


c. СН2ОН withdraws electrons inductively from the ring. 
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d. COOH withdraws electrons inductively and withdraws electrons by resonance. 


(on 


e. CF3 withdraws electrons inductively from the ring. 


f. N=O withdraws electrons inductively and withdraws electrons by resonance. 
You could draw resonance contributors for electron donation into the ring by resonance. 
However, the most stable resonance contributors are obtained by electron flow out of the 
benzene ring toward oxygen, the most electronegative atom in the compound. 


resonance electron withdrawal resonance electron donation 
out of the ring into the ring 
13. 
е COOH 9 
а. CICH,COH 4. f. НСОН 
А hydrogen is 


electron-withdrawing 
compared to a methyl group. 


| 
b. O,NCH,COH 


|| ||| || 
e. HOCCH;COH |. 8. FCH,COH 


ENT The negatively charged Fluorine is more 
© H3NCH;COH compound has a greater electronegative 
amount of electron than chlorine. 


donation by resonance. 
COOH 


We know that F withdraws electrons inductively more than С] does, 
because F is more electronegative than CI. 
We know that F donates electrons by resonance better than СІ does, 
because F donation involves 2p-2p overlap, while Cl donation 

Cl involves 3p-2p overlap. 


Because Table 16.1 on page 632 of the text shows that F is more 

activating than Cl, we know that overall F donates electrons better - 
Шап СІ. Thus resonance electron donation is more important than 

inductive electron withdrawal. 
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14. | When para-nitrophenol loses a proton, the electrons that held the proton can be delocalized by 
resonance onto the nitro substituent. Therefore, the para-nitro substituent decreases th 


e pK, b 
resonance electron withdrawal and by inductive electron withdrawal. ay 
OH :0: 
e 
исти с + H' 
N N 
"04 n No = an “Жо 


When meta-nitrophenol loses a proton, the electrons that held the proton cannot be delocalized 
by resonance onto the nitro substituent. Therefore, the meta-nitro substituent can decrease the 


pKa only by inductive electron withdrawal. Therefore, the para isomer has a lower pK,. 


OH :0: 


eq 


+ 


15. No reaction will occur in a and c, because a Friedel-Crafts reaction cannot be carried out on a 
ring that possesses a meta director. ` 


a. noreaction с. noreaction 
b NH, CH; CH; 
Br Br CH; 
+ 
Br CH; 
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In acid solution, some of the amine is protonated, and the protonated substituent is a meta 
director. Because a greater percentage of the compound is protonated at pH — 3.5 than at 
РН = 4.5, more of the meta isomer is formed at pH = 3.5. 


N(CH,» HN(CH3); HN(CH;), 


HNO, 
€ 
Н,50, 


NO, 
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In the next two problems (“е” and f"), the carbonyl group can be converted to a methylene 
group by either a Wolff-Kishner reduction (as is used in ^e") or a Clemmensen reduction (as is 


used in “Ё”). 
[ Q " 
1. СНҘСН;ССІ CCH,CH, CCH;CH, 
Q + AlCh Вг; 
2.Н,0 FeBr, 
Br 
NH,NH, но 
А 
CH,CH,CH, 
Br 


О О 
| T 
Я CCH,CH, CH,CH,CH, 
=> 
2. ЊО HCl A 


Вг, (ъв 


GC 
Br 


5. CH,CH=CH H 
Q CH;—CHCH;CI 2 2 COA ot = 3 
_ 
AICI, m 


Br 
| 
ну CH3CHCH; CH4CCH; 


СН;С--СН, 
h. 
cn NBSA геп-Вуб 
“АС” peroxide 
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a. ОСН. ОСН. 


NO; A methoxy substituent is strongly activating, 
whereas a fluorine substituent is deactivating, 
H5SO, so the methoxy substituent will do the directing. 


COOH 
Cl, COOH 


C Cl 
COOH directs to the meta Less of this compound 
position. The same product will be obtained because 
will be obtained regardless of steric hindrance. 
of which COOH is 
chosen to be the director. 


с. СООН | СООН COOH directs to its meta 


position and СІ directs 
Br to its ortho position, 
РеВга so they both direct to the 
Br same position on the ring. 


Cl Cl 


19, Solved in the text. 


20. ^ Because a diazonium ion is electron withdrawing, it deactivates the benzene ring. A deactivated 
benzene ring would be too unreactive to undergo an electrophilic substitution reaction at the cold 
temperature necessary to keep the benzenediazonium from decomposing. 


21. More of the desired bromo-substituted compound will be obtained if the ions in solution are 
Cu* + Вг than if they are Си’ + Вг and СГ. 
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22. 
NO; 


1. Sn/HCI 
4 


МН, NEN 


2. НО" 


or 


Н» Pd/C 


23. a. Solved in the text. 


b. The reaction steps are the same as those in a (answered on page 649 of the text) except for 


the last step. In the last step the meta-bromo-substituted ion should undergo reaction with 
water rather than with CuBr. · | 


+ 


NE NEN ст ‚ он 
i| Da 222: 
ЊЕ | Вг Вг 
КО; NH, NEN СГ 
с. 1. S/HCI 
HNO 2. НО" NaNO 
Н;50, ог НС1, 0° 
Н,, Pd/C 
OH 
Cl 
H40* 
ЛА 


ог 


‚ Си2О] Cu(NO3), 
H,0 


OH OH OH 
Cl | 
CL H5SO, 
—=——— <=_—— 
FeCl, A 


SO3H SO3H 
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ү, a СІ 
Cl HNO, ХО; | sn/Hc! NH, 
FeCl, H5SO, —2Но 
Н), Pd/C 
NaNO, 
НСІ 
0° 
Cl Cl 
+ 
OH = 
Cu,0 N i 
че — —— Cl 
Cu(NO3)o, HO 


d. The nitro group cannot be placed on the benzene ring first, because a Friedel-Crafts reaction 


cannot be carried out on a ring with a meta director. Because formyl chloride is too unstable 
to be purchased, benzaldehyde is prepared by the Gatterman-Koch reaction p. 613 in the 
text). 


О 
|| 
AICL/CuCI cH HNO; 
+ CO + На = 
high Sor 
pressure 


NH,NH,| НО’ 
^ 
CH, 


NO, 
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è 1. Sn/HC] 
CH4CI HNO 2. НО” 
(5 АІСІ; H5SO, ог 
H,, Pd/C 
NaNO, : 
на |0 
CH; CH; 
CuC=N 
C= *NEN Cr 
CH; 5 CH,Br CH OH 
f. - 
|| CHC! NBS, A но 
|| | AICI, peroxide 
| | | мао, А 
О О 
[| || 
СН СН 


24. Үоџсап see why nucleophilic attack occurs on the neutral nitrogen if you compare the products 
of nucleophilic attack on the two nitrogens. М ucleophilic attack on the neutral nitrogen forms a 
stable product, whereas nucleophilic attack on the Positively charged nitrogen would form an 


ш ——> e compared —— 
to 
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| The terminal nitrogen is electrophilic because of electron withdrawal by the positively charged 
| nitrogen. If you draw the resonance contributors, you can see that the "neutral" nitrogen is 
| electron deficient. 


«NEN NzN* 
о — © 
а. Bes „СНз ІЛЕС b. HSC. „СНз Sa 
6.6 5.6 
activated ring | diazonium ion activated ring 805 
diazonium ion 


The reaction of an amine with sodium nitrite and НС! converts the amino group into an excellent 
leaving group. Substitution and elimination reactions can then occur by both SN1/E1 and 
SN2/E2 pathways. The same products are obtained by both pathways. Because the reaction is 


carried out in an aqueous solution, the nucleophiles аге СІ and НО. 


CH,CHCH, + снуснсн; 


Еу” СІ OH 
5ң2 CH,;CH=CH, + М, 


| Р 
CH;CHNH, NaNO,  CH,CHNEN 
| -------<»- | 


СН; НСІ СН; Sd 
isopropylamine mw 
CH;CHCH, 4 CH;,CHCH; 
Cl OH 
CH;CH=CH, + N, 
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27. 


| 
| || 28. 


29. 


30. 
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The first step in the reaction is formation of the methyldiazonium ion as a result of abstraction of 
a proton from the carboxylic acid by diazomethane. Diazomethane is both explosive and toxic 
$0 it should be synthesized only in small amounts by experienced laboratory workers. | 
In the second step of the reaction, the carboxylate ion displaces nitrogen from the 
methyldiazonium ion. High yields are obtained, since the only side product is N gas. 


П И. 


se + 
R—-C-OH + CH,—N=N В-С-О: + = 
diazomethane methyldiazonium 
| ion 
|| 
В-С-ОСН, + М» 


From the resonance contributors, you can see that the reason that meta-chloronitrobenzene does 
not react with hydroxide ion is because the negative charge that is generated on the benzene ring 
cannot be delocalized onto the nitro substituent. 

Electron delocalization onto the nitro substituent can occur only if the nitro substituent is ortho 
or para to the site of nucleophilic attack. 


и N Cl OH Cl OH а OH 
oF Б @ СА 
NO, x мо NO, 


NO, 


a. l-chloro-2,4-dinitrobenzene » p-chloronitrobenzene » chlorobenzene 


b. chlorobenzene > p-chloronitrobenzene > l-chloro-2,4-dinitrobenzene 


Br Br | OH 
à B HNO NO, = NO, 
| MIU жыл ВН HO . 
@ ЕеВг; H5S О, А 
Вг Вг NH, 
b. Вг, HNO, NH, 
—— y — 
© FeBr, O H,S О, А 
NO, NO, 
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Br Br OCH, 
Br HNO CH3Q. 
FeBr3 Н-5 О, А | 
NO; NO; 
| 1. Sn/HCI 
2.HO 
OCH, OCH, OCH; 
CuBr NaNO, 
| на! 
0 
Вг +N=N Cl^ NH, 


| + 
NO, NH, N=N 
HNO, H, NaNO, cr 
Hose РИС HCI, 0° 


Cu,0}Cu(NO3), 
H,O 


Sem OCH; OCH; 
NaNH, e Bry eae HO uo 
HNO No; HNO ч 
HNO; Я (NH4)S 
Н,5 О, СТ H5SO, Q PE o 


NO; 
ws НСІ, 0° 
OCH; OCH, OH cane 
H5 1l.HO Cu,0 = " 
sup. о -.---- сі 
Pd/C 2.CH3I Cu(NO4),, НО | 
КО; NO; 
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Ou 0O-Co--00 


Y 


Y /#1 position | | / 
from ee 
со, 


OO CLT ос 


Substitution at the 1-position leads to a carbocation with seven resonance contributors; 
substitution at the 2-position leads to a carbocation with six resonance contributors. 


Of the seven resonance contributors obtained from substitution at the 1-position, four are more 
stable than the others because they have an intact benzene ring. 


Of the six resonance contributors obtained from substitution at the 2-position, only two have 
an intact benzene ring. Substitution, therefore, is favored at the 1-position because the 
intermediate carbocation is more stable. 


32. 
а. сн; CH, ^ сн, 
NH, 
2 
NH, 
NH, CH; 
b. CH;CH, CH,CH, CH,CH, d. OH OH 
NH, 
+ + + 

NH, NH, 

NH, NH, 


33. From the reso 
bonds and one 


conclude that all the carb 


оп-сагбоп bonds in naphthalene 
1 


Cr — c3 — 
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У У Y 


"P 


Y Y 
% position 
=СО— 
ми, 
#2 position 
LY Y Y 
A 


Substitution at the 1-position leads to a carbocation with seven resonance contributors; 
substitution at the 2-position leads to a carbocation with six resonance contributors. 


Of the seven resonance contributors obtained from substitution at the 1-position, four are more 
stable than the others because they have an intact benzene ring. 


Of the six resonance contributors obtained from substitution at the 2- -position, only two have 
an intact benzene ring. Substitution, therefore, is favored at the 1-position because the 
intermediate carbocation is more stable. 
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noe со C3- 0D 


| У У 
4 + 
| Y /#1 position 
| 0025005406 
| 4 e + + 
| yt 
| SA 
~ LY Y Y 
CCE ef ee 
^ * 


i 
ұ 
ғ 
H 


Substitution at the 1-position leads to a carbocation with seven resonance contributors; 
substitution at the 2-position leads to a carbocation with six resonance contributors. 


Of the seven resonance contributors obtained from substitution at the 1-position, four are more 
stable than the others because they have an intact benzene ring. 


Of the six resonance contributors obtained from substitution at the 2-position, only two have 
an intact benzene ring. Substitution, therefore, is favored at the 1-position because the 
intermediate carbocation is more stable. | 
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35. 
а. : | 
4 к OCH, 
Cl 
Сі Вг 
b. 
EJ e 
Cl 
36. 
CH,CH, НС 
а. > | с. 
ОН 
SO3H NH, 
b. » d. 
NO, 
37. m-bromobenzoic acid 


a. 
b. 1,2,4-tribromobenzene 
c. 2,6-dimethylphenol 

d. p-nitrostyrene 
e. m-ethylanisole 


| 
CH, 
СІ 
d. NO, NO, 
Cees 
Cl 
т: ОСН. 
poses CY 
CH=CH, CH, 
f. à h. Cl 
Cl 


Е. 3,5-dichlorobenzenesulfonic acid 
2. o-bromotoluene 

h. p-cyclohexyltoluene 

i. 2-chloro-4-ethylazobenzene 
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1. Sn, НСІ H е 
2. 19 S, Na,Cr,07 or 
H,, Pd/C peroxide HNNH; 
HO, A 
HO "ege Na,Cr,0, о) 
tert-BuO HB 
NaNO», X u ffo CH,CH,Br 
HCI, 9 А B 
INEN CH=CH, peroxide 
2.HO, 5 @ 
Еве CuCl CuBr | KI CuCN H,O HPO 
p Pd/C 
= p = 
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39. The chloro substituent primarily withdraws electrons inductively. (It only minimally donates 


electrons by resonance.) The closer it is to the COOH group, the more it can withdraw electrons 
from the OH bond and the stronger the acid. 


The nitro substituent withdraws electrons inductively. It also withdraws electrons by resonance 
if it is ortho or para to the COOH group. Therefore, the ortho and para isomers are the Strongest 
acids, and the ortho isomer is a stronger acid than the para isomer because of the greater 
inductive electron withdrawal from the closer position. 


The amino substituent primarily donates electrons by resonance, but it can donate electrons b 
resonance to the COOH group only if it is ortho or para to it. From the рКа values it is apparent 
that resonance electron donation to the COOH group is more efficient from the ortho position. 


i 40. 
| a. СООН d. NH; f ОН OH 
p 
| NO, 
| N 
H І SOH 
Е СН; НСН; 
[ b. g. СН;СН; CH;CH, 
| Br 
| " 
Br 
e. eS ; Вг 
0 | Pr в. COOH 
А CCH, О О 
Oo - 
41. 


43. 


x 


p 
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SO3H SO4H 


Cl 
Cl 
1. СН»ССІ 
+ АСЬ Cl, _Zn(Hg) _ 
2. H-O FeCl; HOA. 
f CRE је CH;CH; 
СН. CHjBr СН;ОН 
CH;Cl NBS A HO 
АСЬ peroxide 
Br Br 
HNO; ов 1. Ба НС! 
H5SO, FeBr3 2. HO 
NO? NO, МН, 
0° NaNO, 
HCl 
Br Br 
CuC=N A 
+ 
C=N N=N 
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О 
|| || 
е. 1. СН;СН;СН;СН,ССІ CCH,CH,CH,CH, 
Q + АСЬ 
2. Н.О 


E 
/CH,CH,CH,CH,CH, 


T f. CH, on co 
КЕ CH,Cl NaCno; .HNO, E 
ІП ID Т 


| г зина 
| НО 

| || COOH COOH ко COOH 
| | | 220 — ва” Баг 

| | OH | +N=N 


COOH COOH 
көлден Na,Cr. 201 Хасо H* Вг; 
AIDS FeBr, Br 
CH, CH; 
CH» HNO H 
is iam 
“С АСБ Ќе H5SO, | Pd/C 
NO, 
| 


+N=N 
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* 
ү 


8. 
сн; СНЕ, СЕ; 
ое QO 


most reactive least reactive. 
highest % meta product 
* + + 
М(СН;)з CH,N(CH3)3 CH,CH,N(CH3)3 
(y CO Cy 
least reactive most reactive | 
highest % meta product | 
B 
9 | 
OCH;CH; сн;осн; СОСН» | 
or О" С | 
most reactive least reactive | | 
highest % meta product T 


45. a. anisole > ethylbenzene > benzene > chlorobenzene > nitrobenzene 


b. 2,4-dinitrophenol > 2,4-dinitrotoluene > 1-chloro-2,4-dinitrobenzene 


e 


p-cresol > p-xylene > toluene > benzene 


= 


. phenol > propylbenzene > benzene » benzoic acid 
e. p-chlorotoluene > p-nitrotoluene > 2-chloro-4-nitrotoluene > 2,4-dinitrotoluene 


f. fluorobenzene » chlorobenzene » bromobenzene » iodobenzene 
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46. 
с. осн,0 OCH, 
К Na OE 

| ON 
| © CH2CH,COH 
n 9 
HE b. CH, d. O © е. CH,CH,CH,OH f. CF, 
| Q xr.6 & 
| s > on | 


| 47. а. CH2CH3 donates electrons inductively but does not donate or withdraw electrons by 
E resonance. 


b. NO» withdraws electrons inductively and withdraws electrons by resonance. 
| с. Br deactivates the ring and directs ortho/para. 


d. OH withdraws electrons inductively, donates electrons by resonance, and activates the 
ring. 


e. +МНз withdraws electrons inductively but does not donate or withdraw electrons by 
resonance. 


48. c" 
NO, О | OCH; OH 
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CH, NO, SO3H 
LNA "a ж minor 4“ ~ ОН ise ec 
qo 
+ 
NO, NH, CH3NCH, 
а. 1. Sn/HCl CHI DI 
2. НО excess 
HNO, То 
H,SO, СО» 


СН; CHjBr CHOCH; 


NBS, A 
_ e 


d 
> | О 
а | 
re 
Е 
© 
2 
6 
а 
= 
|; 


"од СС" um С 
МС H5SO - 
3 == No, 2 НО МН, 
Мако, | 9° 
НЦ 
О.М СН CH CH; 
2 XX 3 HNO, OX 3 Cu,0 CL | 
=== ---- 
ОН H5SO, OH Cu(NO4),, NEN 


H,O 
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( Вг Вг NH, 
ІТ е. = 
di © FeBr, H,SO, A 
| NO, NO, 
i | 
| Вг Вг 
г f. 
HNO, Вг; 1. ЗНС 
Я H5SO, FeBr | 2. HO 
F NO, NO, NH, 
| o°|NaNo, 
| НСІ 
| Br D 
1 + 
| І М=М 
Вг Вг MgBr D 
> Br Br 
2 Mg DQ 
FeBr, FeBr, Et,O 
Br MgBr 
Br Br NHCH, 
h = 
Br, HNO CH3NH 
DE cdi А = 
(5 РеВгз H5SO, А 
NO, NO; 


50. The compound with the methoxy substituent is the more reactive because it forms the more 
stable carbocation intermediate. The carbocation intermediate is stabilized by resonance electron 
donation. - 


E сн, 


^ Chapter 16 467 


For each compound, determine which benzene ring is more highly activated. For example, in 
“а”, the ring on the left is deactivated by the oxygen because it withdraws electrons inductively, 
whereas the ring on the right is activated by the oxygen because it donates electrons by 


resonance. Therefore, the ring on the right is more highly activated so it is the one that undergoes 
aromatic electrophilic substitution. 


Br 
a. 
Qo · ОО 


Br 
"OLD - О-о 
с. Вг 
9 и 
Н.С 5-( Xoca, 
NO, Br о, 
СНО CH40 


52. — Meta-xylene will react more rapidly. In meta-xylene both methyl groups activate the same 
position, while in para-xylene each methyl group activates a different position. 


53. 
a. COOH b. COOH c СООН 


Е СООН 


СООН 
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54. Үеѕ, the advice is sound. The para isomer will form one product, because the formyl and ethyl 
groups direct to the same two positions and both positions result in the same product. T 


he o 
isomer will form two products, because the formyl and ethyl groups direct to the same two Шы 
positions but different products are obtained from each position. The meta isomer Will form 
many as four products, because the formyl and ethyl groups direct to four different positions ang 
a different product is obtained from each position. 

О О О 
|| || || 
IN CH CH CH | 
[ : CH,CH, ~ pz low yield 
|. жЖ Жы ж ~~ Pd CH,CH, 
el CH;CH; A 
hp 
ji 


| | 55. The carbocation formed by putting an electrophile at the ortho or para positions can be 
| stabilized by resonance electron donation from the phenyl substituent. 


: 
20" QAO 


The carbocation formed by putting an electrophile at the meta 
resonance electron donation from the phenyl substituent. 


O Q 


position cannot be stabilized by 


56. The spectrum indicates that the benzene ring has a substituent with two different kinds of 
hydrogens. The doublet and multiplet indicate that the substituent is an isopropyl group. 
Therefore, Compound A is isopropylbenzene. 


CH; 


| 
" ЕЯ 


isopropylbenzene 


Об 
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Br Br OCH, 
Br HNO, CHO 
FeBr, O H250, » A 
NO, NO, 
1. S/HCI 
2. HO” 
OCH, 
NH, 
+ 
NO, NH, NEN 
HNO 1. Sn/HCI HCI 
H2504 2. HO NaNO, 
' 0° 
CH4OH 
осн, OCH, OCH, 
LSVHC (7 HNO 
-- 
2. HO 82504 
NH, | NO, 


58. a. The hydroxy-substituted carbocation intermediate is more stable because the positive charge 
can be stabilized by resonance electron donation from the OH group. 


:OH +OH 
бе 


ОН 
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b. The carbanion with the negative charge meta to the nitro group is more stable because а 
negative charge in the meta position can be delocalized onto the nitro group but a negative 
charge in the ortho position cannot. 


T *0; 4:0 -0. , 40 70. , 0 
| “1 “2 “54 
| 
| > 
а = 

а не са H са 


| 59. Phenol will undergo electrophilic aromatic substitution (D+ is the electrophile) primarily at the 
ortho and para positions. 


OH OH 
| D,SO, ~ R 
| + D,O 
H H 
D 
60. 
CH; СН; СН; 
" : 
CH;CI CH,CHCH; NBS, А 
——— 3 Ыз —> 
© АСЬ AICI, peroxide 
CH4CHCH; CH; CCH, 
Br 
tert-BuO. | 
СН; 
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Br Br Br 
p HNO, B г 
Br, I5 
FeBr, H5S0, FeBr; 
NO, NO, 
СН.О | А 
ОСН; 
Вг 
МО, 
i 
d 1. CICCHCH; 
| CH,* AICI Zn(Hg) 
=H НСІ A 
2. H20 
О--ССНСН; | CH;CHCH, 
H 
СН; Q СН; 
1. СНССЦ2.Н;О 
+ АСЬ 
|| || 
CCH, CCH; 
oe 
SO3H 
CH;CHCH, CH;CHCH; 
СН; CH, 
— 61. Тһе unsplit signal at ~ 7.1 ppm suggests that all the hydrogens of the benzene ring in the product 


are chemically equivalent. 


CH;CH;CI 
caen 9 cu сњсњ— Senn, 
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62. 
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а. The first three compounds will not show a carbonyl stretch at 1700 cm"! and the bottom fou 
will show this absorption band. The first three can be differentiated from one another by the 


presence or absence of the indicated absorption bands. 


CH,OH CH,OH CH;OCH, 
band at 3300 band at 3300 no band at 3300 
no band at 1600 band at 1600 band at 1600 


The last four compounds all have an absorption band at 1700 cm-1. 


They can be differentiated by the presence or absence of the indicated absorption bands. 


О О 
| il i il 
COH CH COCH, CCH, 


large band at -3000 по band at ~3000 no band at ~3000 no band at ~3000 
band at 1250 no band at 1250 band at 1250 no band at 1250 
no band at 2700 band at 2700 no band at 2700 no band at 2700 


b. This is the only compound without the characteristic benzene ring hydrogens 
at ~ 7-8 ppm 


CH,OH 


Only two compounds will have two signals other than the signals for the benzene ring 
hydrogens. They can be distinguished by integration (3:2 versus 2:1), or by the two 
sharp singlets for the ester, versus the somewhat broader singlet for the hydrogen 
bonded to oxygen. 


СН;ОН CHOCH, 
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Each of the following four compounds has only one signal (a singlet) in addition to the 
benzene ring hydrogens. The four can be identified by the positions of the PR 


О 
i | D 
; CH; COCH; CH COH 
-2ppm ~ 4 ppm ~ 9-10 ppm ~ 10-12 ppm 


63. The rate-determining step in the Sy1 reaction is the formation of the tertiary carbocation. An 
electron-donating substituent will stabilize the carbocation and cause it to be more easily formed. 
An electron-withdrawing substituent will destabilize the carbocation and cause it to be less easily 


formed. 
Br Br Br 
mom muc CH, CH, CH,CCH, CH4CCH5 
OCH CH, Е 9 СН,СН,СН; СНСІСН; SOH 


64. А fluoro substituent is more electronegative than a chloro substituent. Therefore, nucleophilic 
attack on the carbon bearing the fluoro substituent will be easier than nucleophilic attack on the 
carbon bearing the chloro substituent. 


A fluoro substituent is a stronger base than a chloro substituent, so elimination of the halogen in 
the second step of the reaction will be harder for a fluoro-substituted benzene than for a chloro- 
substituted benzene. 


The fact that the fluoro-substituted compound is more reactive tells you that attack of the 
nucleophile on the aromatic ring is the rate-determining step of the reaction. 
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65. а. The alkyl diazonium ion is very unstable. Loss of № and a 1,2-hydride shift forms а tert. 
butyl carbocation, which can undergo either substitution or elimination. 


NaNO, dA (> + СН 
CH;CHCHNH; та CH;CCH, NEN — 3» CH,CCH; ? 
| | 
CH; CH; CH; Ngo 
он 
CH3CCH; 
CH, 


А 
S ағы. NaNO, T N Gis 
CH3—C—C—CH; a CH;—0—C—CH; — 5 CH;—C-7C—CH; + 
CHCH, CHCH, | CHCH; 
| O CH, "онен; 
H + CH;—C—C—CH; -— — CH3—C—C— CH, 
CH, CH; 
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Br Br OCH, 
Вг; HNO СНО 
FeBr; H2504 A 
NO, NO, 
1. S/HCI 
2. HO 
OCH, OCH, OCH, OCH, 
NO NO, NaNO, 
HNO «CuBr Hcl 02 
H5SO, 
Br Br +М№ = NH, 
н, рык 
OCH; OCH, OCH, 
МН» NEN NEN CH4O OCH, 
NaNO СИОН 
= 
НСІ 0° 
Br Br Br 
1. Mg/Et,O 
2. О 
| : 3.H* 
OCH; OCH; OCH, 
CH30 OCH, CH4O OCH; СНО ОСН: 
7 PBr3 
1. № ——— 
= 2. H,/Pd | | 
CH;CH;NH, CH;CHjBr CH,CH,OH 
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67. Тһе configuration of the chirality center in the reactant will be retained only if the chirality 
center undergoes two successive 572 reactions. 


0 О 
| | 
~AT CL = 
. ЈЕ ui NaNO; Q ји 
-оссн,сн МУН НСІ -оссн,сн;“ N"H 
NH, (смем 


О Y C. 
----- NO NG + М, 


4 | 
CH,CH,~ Na 


68. А chloro group is a better leaving group than the ammonium group, so the product is formed 
without hydroxide ion catalysis. 
Cl 


NO3 NO, + a 


A methoxy group is a poorer leaving group than the ammonium group, so the ammonium group 
is eliminated, reforming starting materials. By removing a proton, hydroxide ion converts the 
ammonium group into an amino group. Since the amino group is a poorer leaving group than the 
methoxy group, the methoxy group is eliminated. 


CH + 
3 Ты СН)О/ NHR, cmo) NR, NR, 
NO, NO, NO, NO, 


R,NH = Т " 
2 НО | 


NO; NO, NO, + H,0 NO, 


|: 
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ne 
Chapter 16 Practice Test | | 


Give pd name for each of the following. 


COOH || 


Pau 


2. Rank the following зш in order of decreasing reactivity toward Br2/FeBr3. 


Br «ele 3 T 
3. For each pair of compounds, indicate the one that is the stronger acid. | 
| 
COOH COOH NH, NH, 
a. 
р. 5 ог | 
а CH; k “Сн; OCH; 
OH OH COOH COOH 
NO, Br CH; 
4. a. Which is more reactive in a nucleophilic substitution reaction, para-bromonitrobenzene or x 
i para-bromoethylbenzene? 


b. Which is more reactive in an electrophilic substitution reaction, para-bromonitrobenzene or 
para-bromoethylbenzene? 
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| 5. Give the major product(s) of each of the following reactions. 
| NO; 
| a. 
4 + H,SO, ---» 
| 
| OCH, 
МС 
к e + сна. BER 
CH,CH, 
с. Ма:Сг;О, 
H; A 
CI 
d. 
+ CHO A 
NO, 
Cl 
е. H,SO 
+ HNO, —> 
OCH, 
O 
11 
CCH; 
f. AICI 
+ Cl, — 
6. Indicate whether each of the following statements is true or false. 


a. Benzoic acid is more reactive than benzene towards electrophilic substitution. T 
b. para-Chlorobenzoic acid is more acidic than para-methoxybenzoic acid. T 
с. А--СН-СН; group is a meta director. T 


i d. para-Nitroaniline is more basic than para-chloroaniline. T 


т то n ud 


lis portant Terms 


acid anhydride 


acyl adenylate 
acyl group 


acyl halide 

acyl phosphate 

acyl pyrophosphate 
acyl transfer reaction 


alcoholysis | 


amide 
amino acid 
aminolysis 
biosynthesis 
a-carbon 


carbonyl carbon 
carbonyl compound 
carbonyl group 


carbonyl oxygen 


carboxyl group 


a carboxylic acid derivative with AMP as the leaving group. 
T 


or 


a carboxylic acid derivative with a phosphate leaving group. 
a carboxylic acid derivative with a pyrophosphate leaving group. 


a reaction that transfers an acyl substituent from one group to another. 


reaction with an alcohol that converts one compound into two compounds. 


O О О 
|| || || 


МНЕ R~ ^NR, 


an a-amino carboxylic acid. 


reaction with an amine that converts one compound into two coompounds. 


synthesis in a biological system. 
a carbon adjacent to a carbonyl group. 


the carbon of a carbonyl group. 

a compound that contains a carbonyl group. 
a carbon doubly bonded to an oxygen. 

the oxygen of a carbonyl group. 


O 
|| 


pues OH or —COOH or --СО;Н 
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carboxylic acid 


carboxylic acid derivative 


carboxyl oxygen 


catalyst 


detergent 


ester 
fat 
fatty acid 


Fischer esterification 
reaction 


Gabriel synthesis 
hydrolysis 

hydrophobic interactions 
imide 

lactam 

lactone 


micelle 


mixed anhydride 


neurotransmitter 


nitrile 


nucleophilic acyl 
substitution reaction 


oil 


phosphoanhydride bond 


О 
|| 


С 
R^ “ОН 


a compound that is hydrolyzed to a carboxylic acid. 


the single-bonded oxygen of a carboxylic acid or ester. 


a species that increases the rate of a reaction without being consumed in th 
reaction. 


a salt of a sulfonic acid. 
О 
|. 
R Ра “ОР! 
a triester of glycerol that exists as a solid at room temperature. 
a long-chain carboxylic acid. 


reaction of a carboxylic acid with excess alcohol and an acid catalyst. 


a method used to convert an alkyl halide into a primary amine. 
reaction with water that converts one compound into two compounds. 
the attractive forces of hydrocarbon chains in water. 

a compound with two acyl groups bonded to a nitrogen. 

a cyclic amide. 

a cyclic Sick 


a spherical aggregation of molecules, each with a long hydrophobic tail an 
a polar head, arranged so the polar head points to the outside of the sphere. 


an acid anhydride with two different R groups. 


a compound that transmits nerve impulses across the synapses between 
nerve cells. 


a compound that contains a carbon-nitrogen triple bond. 

R—CzN 
a reaction in which a group bonded to an acyl group is substituted by 
another group. 


a triester of glycerol that exists as a liquid at room temperature. 


the bond holding two phosphoric acid molecules together. 


Ritter reaction 


saponification 

soap 

symmetrical anhydride 
tetrahedral intermediate 


thioester 


transesterification 
reaction 
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the reaction of a nitrile with a secondary or tertiary alcohol to form a 
secondary amine. 


hydrolysis of a fat under basic conditions. 
a sodium or potassium salt of a fatty acid. 
an acid anhydride with identical R groups. 
the intermediate formed in a nucleophilic acyl substitution reaction. 
the sulfur analog of an ester. 

О 

| 

R "~ SR' 


the reaction of an ester with an alcohol to form a different ester. 
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Solutions to Problems 


1. The lactone would be a three-membered 


2. а. butanenitrile 


propyl cyanide 


b. ethanoic propanoic anhydride 
acetic propionic anhydride 


€. potassium butanoate 
potassium butyrate 


d. pentanoyl chloride 
valeryl chloride 


ring, which is too strained to form. 


e. isobutyl butanoate 
isobutyl butyrate 


f. N,N-dimethylhexanamide 


2. y-butyrolactam or 
2-azacyclopentanone 


h. cyclopentanecarboxylic acid 


i. B-methyl-Ó-valerolactone or 
5-methyl-2-oxacyclohexanone 


The carbon-oxygen single bond in an alcohol is longer because, as a result of resonance, 


the carbon-oxygen single bond in a carboxylic acid has some double-bond character. 


RCH,—OH 


|| 
С 
e oe a. 
longer Shorter 


o 
„Су 


3. 
О 
i i 
» i, d» À 
CHS - 9 4. CH; NHCH; 2. ОСНОВЕ NH, 
Br 
4 
С || 
CH; e 
СН;СН; y-methylcaproic о“ " 
|| Ы 
Кх ^d 
с. CH4CH;CH;CzEN f. а OCH,CH, i. 
Cl 
4. 
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a. The bond between oxygen and the methyl group is the longest because it is a pure single | 
bond, whereas the other two carbon-oxygen bonds have some double-bond character. 


The bond between carbon and the carbonyl oxygen is the shortest because it has the most 
double bond character. 


1 = longest 
CH Ғозсн; 3 = shortest 


1 = highest frequency 
CH А о-сн; 3 z lowest frequency 


6, The more electronegative the base (Y) attached to the carbonyl carbon, the greater the double 
bond character of the С=О bond. 


The weaker the base (Y) attached to the carbonyl carbon the less well it shares it electrons. 
When Y shares its electrons, it decreases the double bond character of the С=О bond, making it 
easier to stretch. | 


R Y R “,, 
Therefore, the compounds have the indicated carbonyl IR absorption bands. 


The carbonyl group of the acyl chloride stretches at the highest frequency because the chlorine 
atom is the most electronegative atom and the weakest base. 


The carbonyl group of the amide stretches at the lowest frequency because the nitrogen atom is 
the least electronegative atom and the strongest base. 


acyl chloride ~ 1800 cm ! 
acid anhydride ~ 1800 and 1750 cm ! 
ester ~ 1730 сш" 
amide ~ 1640 cm” 


Free Energy 


= 
Progress of the Reaction 


a. anew carboxylic acid derivative 


b. по reaction 


c. a mixture of two carboxylic acid derivatives 


Solved in the text. 


A protonated amine has a рКа - 11. Therefore, the amine will be protonated by the acid that is 
produced in the reaction, and a protonated amine is not a nucleophile. Excess amine is used in 
order to have some unprotonated amine available to react as a nucleophile. 


A protonated alcohol has a pK, ~ —2. Therefore, the alcohol will not be protonated by the acid 
that is produced in the reaction. 


12. 
a p + H,O: === CH a Cl CH j^ | нв“ 
2" EE Е, ak 35“ + 
сн; “а тон M 
| 
В: Н 
NP d 
‘Il 
CL + Cl 
сн ОН 
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:0 :0: :6: 
b > —C—B СН.—С--В 
Е ж + CH3NH, = CH; r —— 3 r + Hpt 
| СНУ wp, NHCH, NHCH 
| В: | 
|| T 
| Не) 
|| % + Br 
n г 
H сну "NHCH, 
| 13. 
| d 
| а. СН;СН;СН;ОН с. (CH44NH e СН;СО 
14. 
О Tod 9 ÖN 9 
а. CH;C—O—CCH; + HÖ: == CH;C—O—CCH, === CHEO CCH; 
=. он“ + нв" 
В: С | 


О 
|| 
CH,COH + -OCCH, 


b. The mechanisms are exactly the same. 


So О Ог О :0: У О 
|| || .. | || || 
CH,C—O—CCH, + СНОН === СНС—О—ССН, === сње тесна 
OCH; OCH; + HB' 
‚о H 
В, | 


| | 
и CH;COCH; + ~OCCH;. 
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When an acid anhydride reacts with an amine, thé tetrahedral intermediate does not have to lose 
a proton before it eliminates the carboxylate ion, because the carboxylate ion is a weaker base 


(pK, of its conjugate acid is ~ 5) than an amine (pK, of its conjugate acid is ~ 10). 


: eo 0) TON 


| || || | || 
CH4C—O-—CCH; + CH4NH; == снС-0-ССН; 
+МН,СН; 
16. 
0 | :0: 
а. CH4CH;COCH; + НО: ==” CH;CH;COCH; 
*OH 
С 
В: H 
:Or 
+ 
CH;CH;COCH; + HB 
OH 


o Z Nọ 


|| || а 
CH,CH,COH + СН;07 CH,CH,COCH, + HO 


| 


И _ 
CH,CH,CO + СНзОН 
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17. a. 1. Thecarbonyl group of an ester is a weak electrophile. 
2. Water is not a very strong nucleophile. 


3. “ОСН3 isa strong base and, therefore, a poor leaving group. 


b. Aminolysis is faster. 


18. Solved in the text. 


| 19. 
| а a ЈЕ 
M + 
| а. H,O' CH,OH, CH,COH CH,COH CH,C—OCH, сн;с-босн, 
| *OH ÓH 
А 9 он 
-—- 
| А OH 


d. HO" if excess water is used, CH,OH, if not 


20. Тһе mechanism for the acid-catalyzed reaction of acetic acid and methanol is the exact reverse of 
the mechanism for the acid-catalyzed hydrolysis of methyl acetate. 


. Chapter 17 489 


77% H 

:0 (A + о” Оон 
EE d + CHCH;ÓH === CH,—C-OCH; 

CHS “осн. сн 1.7 e QCH;CH; 

B:n Н 


M (uon 


CH,—C-ÓCH; 


ÓCH;CH; 
HB* nd св 5 
T 0 99. 
CHí  OCH;CH, сну “осн,сн, осн;сн; 


22. а. The conjugate base (СНзСН2СН2О-) of the reactant alcohol (СНҘСН2СН2ОН) can be used 
to catalyze the reaction. 


b. If H* is used as a catalyst, the amine will be protonated in the acidic solution and, therefore, 
will not be able to react as a nucleophile. 


If НО” is used as a catalyst, НО” will be the strongest nucleophile present in solution, so it 
will attack the ester, and the product of the reaction will be a carboxylic acid rather than an 
amide. i 


If RO- is used as a catalyst, ЕО” will be the nucleophile, and the product of the reaction will 
be an ester rather than an amide. 


23. 


О 
A 18 
18 
CH,CH,CH~ OCH; and СОН 


24. а. The alcohol (СНзСН2ОН) contained the 180 label. 


b. The carboxylic acid would have contained the 180 label. 
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25. Solved in the text. 


26. Solved in the text. 


27. 


О О | 
ll soci T li 
il а. CH;CH,CH,COH ---4- снұсн,сн,Ссі СЕЗОН» CH3CH,CH,COCH, 
i í 
CH,CH,cCH,Co CHBr CH;CH;CH;COCH, 


E О О 
| || SOCI || CH4CH;CH;OH ll 
| b. CH;COH —== СН,ССІ оО сн;Сосн,сн,сн; 
| И сн B | 

cH,Co:  CH;CH;CHjBr CH;COCH,CH,CH, 


О О 
| ЗОСІ | CH;CH,OH || 
€ CH,CH;CH,COH ---%- cH,cH,cH,cc| COH CH3CH,CH,COCH,CH, 


И - CH,CH,B | 
CH;CH,CH,UO > CH.CHCH,COCH;CH, 


О О 
|| SOCI ll CH;(CH,),0H | 
d. CH,COH ——% сн,Ссі ЗЕНОН, сн;Со(сн,);сн; 
О ғ 
|| | 
- CH;(CH,),B || 
сњсо  CH«CH)Br CH;CO(CH;),CH, 
О О 
| SOCI, l| (CH3)CH(CH,),OH | 
е. CH4COH — CH4CCI —————— CH;CO(CH5)CH(CH,), 
О 
И - (CH3)CH(CH,),Br I 
CH,Co” ‘ cei ei a CH3CO(CH,),CH(CHs), 
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О | О О 
| SOCI ll CHOH [ 

f. { \-cu,con —- { Nona >= С У снос, 
(e О 
i 


- CHjBr | 
CHO — CH,COCH, 


| | 
% 28. Іп the first step, protonation occurred to give the most stable carbocation (a tertiary carbocation). 


+ + 
CH, =CHCH,CH,CH=CCH, н-р CH,==CHCH,CH,CH, —CCH; 
6 5 4 3 2 


CH; CH; 


5 CH, 2 СН. 
29. a. #2 and #5 will form amides | 
b. For #2: if the nucleophile were CH;NH instead of СНАМН,, the better nucleophile will 
increase the rate of amide formation. | | 


For #5: using two equivalents of methylamine will increase the yield of the product. The 
second equivalent will ensure that there is sufficient nucleophile present to react with the acyl 
halide. 


30. 


We know that the electrophile is thionyl chloride and that its electrophilic site is the sulfur 
atom. 


We know that the amide is the nucleophile and its nucleophilic site is the oxygen atom. 
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Therefore, we should let the nucleophile attack the electrophile and then see if that product helps 
us figure out how we can arrive at the given product (the nitrile). 
0 we | || — 
— СІ--5--СІ --->- — à ы 
У | (7 а“ ^o а“ Го 
oom at C + -CX 
0: | Lini RON 
i ж == к 
2 З Н 
R^ “ан, у Қ | 
, :0 PS о) 
СГ + SO, + R—CEN = | + . R—CEN-H 


a nitrile Y» ғ 


а No E 


The relative reactivities of the amides depend on the basicities of their leaving groups: the 
weaker the base, the more reactive the amide. 


$ ай 4 


А para-nitro-substituted aniline is less basic than a meta-substituted aniline because when the 
nitro group is in the para position, electrons can be delocalized onto the nitro group. 


О О 
| ON # 
ci 6 Ru KG Vn AS 
s * b 


31. 


32. а. pentyl bromide 


b. isohexyl bromide c. benzyl bromide ^ d. cyclohexyl bromide 


33. Тһе reaction of an alkyl halide with ammonia leads to primary, secondary, and tertiary amines, 
and even quaternary ammonium ions. Thus, the yield of primary amine could be relatively low 


+ 
ВВ RNH, — = RNH, ВВГ» 


+ 
R,NH, — = R,NH + Н" 


(квт 


+ 
В.М -ғ-- R4NH 
+H 


+ H 


+ _ ВВ 
R,N Вг <= 
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In contrast, the Gabriel synthesis forms only primary amines. The reaction of an alky] halide 
with azide ion also forms only primary amines because the compound formed from the initial 
reaction of the two reagents is not nucleophilic, so polyalkylation does not occur. 


34. 
а. СН;СН;СН;Вг b. CEGC HCH pr с. ( у 
CH; 
35. 
a. BrCH,CH,CH,CHCH,CH, —№ы ‘Be 
| CH;CH; 
OH О 
CH, 
dà СІ AICI 
| —— 
CH;CH;CH;CHCH; 
Br 
с. 
e АСЫ QUO NBS. 
CH,CH,CH,CH,Cl peroxide 
кон 


d. 
OV LU OO ша 
CH,CH,CH,CH,Cl peroxide 
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Ма 

| нес ње ( \ 

e BICEGCEGUEDOHCEGC Н, о CH,CH=CH, 
OH 


f. (Y. 1. BH dp 
сњуснесн, с 


О 2. HO, H505, Н2О o/  CH;CH;CH;0H 
product of e 


36. 
оо -0 0 On о 
[ Ils NI ГИ mo | 
а. HOCCH,CH,COH + CH;COCCH, --->- снҙсоссн; == chg OCCI 
+O2H — ов IN 
ps \_/ 9 
= o=t x 
CH,CH,COH СНС 
О | || 
| 
- О 
9 О | CHC 
OCCH, 9 
:В CH,CH,¢ 
оо 
И _ 9 о € 
+ CH,CO + сн 


b. Without acetic anhydride, the leaving group would be hydroxide ion. Acetic anhydride 
causes the reaction to take place via two successive acyl substitution reactions. In both 
reactions the leaving group is acetate ion, which is much less basic than hydroxide ion. 


EN 
| 


НМ 


. (CH,CH,),N~ ^N(CH;CH3); 


"NHCH; 


. noreaction 


i 
‚ CH,CH;CH;CH;CH,CNCH; 


CH; 
CH, O 


| 
· CH;CH;CH;CCH;CNB, 


CH, 


. CH,CH,CEN 


|| 
СН;СН-СВг 
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| | 
+ — жм. 
сс в ub lr 
4d 
CO, + H,O 
О 
f. СН.СН, O 
O 
| 
f. CH,CO Na 
о о 
| | 
g- C—o-C 
О 
|| 
ES 
h о 
CH4CH; 


i. CHCHCH;CEN 
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39. а. 5-ећућергапојс acid f. pentanoyl chloride 
valeryl chloride 
b. propyl propanoate g. acetic benzoic anhydride 
propyl propionate 
c. pentanenitrile h. N-methyl-3-butenamide 
butyl cyanide 
| d. propanoic anhydride i. (S)-3-methylpentanoic acid 
i: propionic anhydride (S)-B-methylvaleric acid 
e. N,N-dimethylbutanamide j. (R)-3-methylhexanenitrile 
N,N-dimethylbutyramide 


40. 


» 


4l. a. The weaker the base attached to the acyl group, the easier it is to form the tetrahedral 
intermediate. (para-Chlorophenol is a stronger acid than phenol so the conjugate base of 
para chlorophenol is a weaker base than the conjugate base of phenol, etc.) 


1 || Д 
cto а > снбо-(/ Y > сњо Vcn, > 


О 
|| 


cnco у 
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b. The tetrahedral intermediate collapses by eliminating the "OR group of the tetrahedral 


intermediate. The weaker the basicity of the "OR group, the easier it is to eliminate it. 
Thus, the rate of both formation of the tetrahedral intermediate and collapse of the tetrahedral 


intermediate is decreased by increasing the basicity of the "OR group. 
6) 
|| 


| | 
cmo V-a > сњбо– Y > сњо (ў Vcn, > 
(6 
i 
CH4CO 


a. Methyl acetate has a resonance contributor that butanone does not have, and this resonance 
contributor causes methyl acetate to be more polar than butanone. Because butanone is less 
polar, it has the lower dipole moment. 


0: ToS 
[ cin А 
CH4— C—CH;CH, CH4— C—OCH4 => CH,—C=OCH, 


b. Because it is more polar, the intermolecular forces holding methyl acetate molecules together 
are stronger, so we would expect methyl acetate to have a higher boiling point. 


Propyl formate is easy to distinguish because it is the only ester that will show four signals. 
The other three esters show three signals. Isopropyl formate can be distinguished by its unique 
splitting pattern: a singlet, a doublet, and a septet. The splitting patterns of the other two esters 
are the same: a singlet, a triplet, and a quartet. They can be distinguished because the peak 
farthest downfield in ethyl acetate is a quartet, whereas the peak farthest downfield in methyl 
propionate is a singlet. EE 


singlet, doublet, septet 


singlet, triplet, quartet 


The peak farthest downfield 
is a quartet. 


O 
| 
N 
не `OCH,CH,CH; 
4 signals 
О О 
| | О 
/ ба / с- 1 
ОСНСН OCH,CH и N 
H | 3 СН. 2113 CH4CH; OCH, 
CH, 
3 signals 3 signals 3 signals 


singlet, triplet, quartet 


The peak farthest downfield 
is a singlet. 


= 


Cm 
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44. The reaction of methylamine with propionyl chloride generates а proton that will protonate 
unreacted amine, thereby destroying its nucleophilicity. If two equivalents of CH3NH» are Used 
one equivalent will remain unprotonated and be able to react with propionyl chloride to form 

-methylpropanamide. 


| | В 
CH;CH,CCl + СН:МН --->- CH,CH,CNHCH, + H + а 


| [eu H, 
+ 
СНзМН. 
45. 
О о :б- 
| [ a 
ы eS +Н20: === СН;-С-ОН ==  CH,-CXQH 
AUR || 
i 
CS 18 
сн/ NOH 
нб: 
18 
ў Ф, jd Т 
С\ 1з => СЊ—СтО: = СН;-С-ОН => CH4—C—OH 
CH “он 55 Он он 
e 
A/S 
b. Only one isotopically labeled oxygen can be incorporated into the ester because the bond 
between the methyl group and the labeled oxygen does not break, so there is no way for the 
carbonyl oxygen to become labeled. 
О cannot become labeled 
|| 
CH; ~O-CH; 
bn bond does not break 
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а. isopropyl alcohol and НСІ c. ethylamine 


b. aqueous sodium hydroxide d. water and НСІ 


The offset in the NMR spectrum shows that there is a signal at ~ 10 ppm, which is where the 
proton of a COOH group shows a signal. The two triplets and the multiplet are characteristic of a 
propyl group. The compound is butanoic acid. 


ere 


CH,CH,CH/ “он 


The molecular formula shows that the unknown compound has one more carbon atom than 
butanoic acid. Since butanoic acid is formed from acid hydrolysis of the compound, the 
compound must be the methyl ester of butanoic acid. 


Aspartame has an amide group and an ester group that will be hydrolyzed in an aqueous solution 
of HCl. Because the hydrolysis is carried out in an acidic solution, the carboxylic acid groups 
and the amino groups will be in their acidic forms. 


| | | | li | + | 
HOCCH,CHCNHCHCOCH; y HOCCH;CHCOH 4 H3NCHCOH 
+NH, CH, «МН; CH; 


+ CHOH 


a. 1,3, 4, 6, 7, 9 will not form the indicated products under the given conditions. 


b. 9 will form the product shown in the presence of an acid catalyst. 
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50. The tertiary amine is а stronger nucleophile than the alcohol, so formation of the ch 
will be faster than formation of the new ester would have been. The charged amide is more 


| O O О 
ІШ || / \ || ROH 

| AIN 8 || / 

C + М № === С / \ =z С al 

f РА ^ ИМ, + N 

| CHS ^ocH, \__/ CHY "N^ ^N: CHY “ов А 
"n + CH4OH 
У | | | 51 Тһе amine is a stronger nucleophile than the alcohol, but since the acyl chloride is very reacti’ 

| : 
қ ! | 


aq 
© 
с 
"3 
т 
о 
S 
& 
= 
= 
с" 
о 
> 
о 
Е 
"3 
3 
[e] 
Ф 
et 
$ 
2. 
ні 
х 
9 
З 
мені 
© 
а. 


О 
) | CH,OH 0 | СН;ОН | СН;ОСС 
| ! eas + CH3CCI кейга С Кон, Сене 
| ho N 


e | | 
Pyridine is used for the CH; CH, 
second equivalent of amine. major product O minor product 
| СН;ОССН, 
| | ace 
| | М 
| Н 


minor product 


52. Bromobutane undergoes an SN2 reaction with NH3 to form butylamine (A). Bromobutane can 
then react with butylamine to form dibutylamine (B). The amines each form an amide upon 


reaction with acetyl chloride. The IR spectrum of C exhibits an NH stretch at about 3300 ст-! 


while the IR spectrum of D does not exhibit this absorption band, because the nitrogen in D is 
not bonded to a hydrogen. 


СН;СН;СН;СН;Вг + МН. —>^ CH4CH;CH;CH;NH, 
A 
ү 
(CH,CH;CH;CH;),NH 
B 
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|| || 
СН:ССІ + CH,CH,CH,CH,NH, ---»>- | CH,CNHCH;CH;CH;CH, 
C 


А 
i 
|) 

CH,CCI + (CH;CH;CH;CHjjNH ---- СН;СМ(СН,СН,СН,СН,), 

В р 
І | 
1. CICOCH, 3. CH;CH,CH,NHCNHCH,CH,CH, 
| І 
2. CH4OCOCH, 4. CH,CH;OCNHCH; 
о о 


|| Il... || .. |1 | || | 
HOCCH,CH,COH + AS e — нфеси св E o ie +H + с- 


Зб? 
А 


“о 


О О О 6) 
HB” + кенен 5 
227 арыс La d + SOC] + CI 


г 


А , | 
| 0 
О x АН; 
О 


|| В 

b. НОССН,СН,СН,МН, сі о 

| О | О 
? . HOCCH,CH,CH,OH 
с. TE о О О 
| 
CH;CCH,O + сњоссн, ; 

T Ma 3 3j OCH, 


T || О 
d. HOCCH,CH,COH h. 


т 


ба 


57. 


58. 


59. 
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|| || 
CICH,CH,CH,CC] + СНОН —>» CICH,CH,CH,COCH, 
Compound A 


| | | 
а. CH;CNHCHCH,CH,OCCH, + CH,COH 
CH; 


| 
b. CH;CNHCHCH,CH,OH 
CH, 


Because the amino group is a stronger nucleophile than the OH group, the predominant product 
will be the amide if the reaction is stopped prematurely. 


If the amine is tertiary, the nitrogen atom in the amide cannot get rid of its positive charge by 
losing a proton. An amide with a positively charged amino group is very reactive because the 
positively charged amino group is a weak base and, therefore, an excellent leaving group. 
Water will immediately react with the amide, and because the positively charged amine is a 
better leaving group than the OH group, the amine will be expelled and the product will be a 
carboxylic acid. 


О О 
Б... = о НО. C + HÅR 
= 3 
CH “а CH;7 “NR, сн “о 
НМА, СГ 


a. The steric hindrance provided by the methyl groups prevents methyl alcohol from attacking 
the carbonyl carbon. 


b. No, because there would be no steric hindrance. 


c. COOH COO COOCH; 
H3C с, Н.С CH, Н.С CH; 
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60. Тһе spectrum shows that the compound has four different kinds of hydrogens with relative ratios 
2: 1:1: 6. The doublet at 0.9 ppm and the ratio of 6 hydrogens suggests that the compound has 
an iso group. The signal at 3.4 ppm indicates hydrogens on a carbon that is attached to an oxygen 
atom. The shape of the signal at 2.4 ppm suggests an OH group. We can conclude that the 
spectrum is a spectrum of isobutyl alcohol. The molecular formula indicates the compound that 
undergoes hydrolysis is an ester. Subtracting the atoms due to the isobutyl group lets us identify 
the ester as isobutyl benzoate. 


Q Q 
| i 
K у—©——оснуенсн, dom {бон + HOCH,CHCH, 
2 
3 


CH; CH 


61. Тһе more electronegative the base (Y) attached to the carbonyl carbon, the greater the double 
bond character of the С=О bond. 
О | 
|| 


С 
. хы: 
В № 


The weaker the base (Y) attached to the carbonyl carbon the less well it shares it electrons. 


when Y shares its electrons, it decreases the double bond character of the C=O bond, making it 
easier to stretch. 


9: :0: 
pou N 
ee / 
К Ү R Sys 


Therefore, the carbonyl IR absorption band decreases in the order: 


| | ENT | 
CH;CCl > CH,COCH, > CH;CH > CH,CNH, 


The carbonyl group of the acy] chloride stretches at the highest frequency because the chlorine 
atom is the most electronegative atom and the weakest base. 

The predominant effect of the oxygen of an ester is inductive electron withdrawal, so its carbonyl 
group stretches at a higher frequency than the carbonyl group of the aldehyde. 


The carbonyl group of the amide stretches at the lowest frequency because the nitrogen atom is 
the strongest base, so it is best at sharing its electrons. 
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62. а 
2 
4.02 = —t— 
(1— x) 
2.00 = —* 
1-х) 
2-2х = x 
2 = 3х 
х = 0.667 
[ethyl acetate] = 0.667 times the concentration of acetic acid used 
b. 
2 
ыы 
(10 - x) (1-х) 
x = 0.974 
[ethyl acetate] = 0.974 times the concentration of acetic acid used 
; | с. 
Hv c 2 
E 402 = — T ___ 
; p (100 ~ x) (1— x) 
27 х = 0.997 
| A [ethyl acetate] = 0.997 times the concentration of acetic acid used 


63. Басһ of the NMR spectra has signals between about 7-8 ppm, indicating that the compound ha: 


determined that the esters have the following structures. The singlet in each spectrum is due (о; 
methyl group. Because the methyl group is farther downfield in the spectrum on the right, it is 
the spectrum of the compound on the right, since its methyl group is adjacent to an electron- 


withdrawing oxygen atom. 


Q 
| | 
сње-о-0 Y Жал 


The ester оп the left will hydrolyze faster because phenol is a much weaker base than methyl 
alcohol. 


64. 
О 


[ + [ i 
а. CH3CH,CNH, -H> сн,сн,Сон SOCk CH,CH,CCI 


2 
u : 
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SOCI 
b. CH,CH,CH,CH,OH 299%. сн,сн,сн,сн,сі SEM. CH,CH,CH,CH,C=N 


molna A 
i 

+ 

NH, + CH,CH,CH,CH,COH 


о о 4 У AICI, Q 
SOC 
c. CH(CH,),, OH 2525. е CH,(CH,),9CCI 2 HLO ч сњсн 0 Y 


2 


2л(Не) , r | NENH; 
HCI, A но]; А 


| Њ50, 
CH4(CHj3);i SOH «—— CH;(CH))); 
NaOH A 
2“ 
сен oso; Ма" 


О 
|| || || 
CH, COH CCl CNHCH, 
ехсеѕѕ 
Na,Cr,0 CHSNH, 
d 2 120, Boch 3 
H, А | 
О 
[ о | 
NH, 6 МНССН, i NHCCH; NH; 
І 1. CHCCI, 
e CH4CCI AICI, 1. НСІ, HO, A 
pyridine 2. HO SHO 
үз NR 
О 
CH; CH,Br CH,C=N CH,COOH 


f. NBS A CEN 
— ------ 
peroxide UE ^ 


66. 


65. 


Therefore, it is impossible to have the car 
its reactive basic form. 


Hoc * | 
CH,COH + NH, — X nO reaction 
The ammonium ion is not nucleophilic. 


il 
СН.СО + NH, --->- по reaction 
The carboxylate ion is not attacked by nucleophiles, 


Е (y | 
R'—OH —> крв в — ве 
RC=N 
H,Ö: | 
RC-NH-R' ----- RC-NH-R == RC-N-R = RCZN-R 
“О-Н Сон OH @ OH 
7 {В + HB* | 


b. The Ritter reaction does not work with primary alcohols, because primary alcohols do not 
form carbocations. 
с. The only difference in the two reactions is the electro 


nitrile: it is a carbocation in the Ritter reaction anda 
of a nitrile. 


phile that attaches to the nitrogen of 0 
proton in the acid-catalyzed hydrolysi: 


PUE 
Жа 


Т Ó А OCH,CF, 
с 
и сн=с \ 
мо рп 
С” 
mon ін 


зд. ОН 
:O 
О 
CCO C» IS 
! 
u dd 


Н 
+ CH,CH,OH 
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.(ОСН,СЕ; 
Q 


\ 
А ~сн, 


| 2 
CH, + HO H 


507 
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69. 
| 
HNO H 
3 Е ENS ¢ У, ССО 
Н,50, Pd/C pyridine NH 
al 
о О О ( 
| || || РС || | 
! cis NHCCH,  -—— HOS NHC 
| О О 
| | i 1.Н*, H,O | 
| HjNS NHCCH, NS NI 
| | 2. HO | 
70. 
сн; сн; COOH 
CHCI HNO are NO; 
a. 
—- МО Na CrO 
Q AICI; 6,50, АТ” 
H, pac 
COOH 
NH, 
5 NaNO, 
HCI 
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CH3CH; Я CHCH, СНЗСНВг 
b. © CH,CH,Br a иб а 
== == —ALs __ = === Зе 
AICI, 2.Н;0 peroxide 
и. O=CCHCH, 
СН; сн; 
| сек 
О 
CH,CHCOH CH,CHCOH CH4CH CEN 
€xcess 
1. Н>ММН», HO, A НСІ 
2. НСІ H,O, А 
CH;CHCH; O=CCHCH, O=CCHCH; 
CH, CH; CH; 


71. А f-lactamase enzyme provides resistance to penicillin by reacting with it, opening the four- 


membered ring. 


Longe NA mE pos А У A 
О B М" 


The inhibitor of the p-lactamase enzyme has an excellent leaving group, so it is readily attacked 


by nucleophiles. When the enzyme attacks the inhibitor, a relatively stable phosphonyl-enzyme 
is formed, so its OH group is no longer available to react with penicillin. 
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ВА 


О О 
| И il 

сң ноћ (5 — Талақ, 
О ~ 


О - 
COO a phosphonyl-enzyme 
HO 


COO 


Hydroxylamine (H2NOH) reactivates the enzyme by liberating the enzyme from the phosphonyl- 
| enzyme. 


H,NOH 


о NRA о f 


O7 


-omon 


--" 


72. а. 


HO |. HO E 
ОС. на E CCS. oes 


+ 


ЛЙ NHCO;CH; 


N—CO;CH; 
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NO, б 
Оо {о 2 
b. HC $520 Н.С УУ 
pa d — QU 
О NO 9 
| E NO, 
ua. H 
CHOR, у | 
О O7 z РА 
N 
Н.С 557 NO, Oe, 
О 
о ы, 
NO, 0 
NO; 
HNO H CH, CI | 
3 
7% як ( У, т хн, CERE (5 мнсен, 
СНС! (ась 


О О О О 
|| + HCI || M. Ма;Ст07 || 
НОС МН. 70 О НОС МНССН; ТЕСТА. m CH; NHCCH; 
2 , 


О 
+ 
на свето Днсњон он -—— (CH,CH,),NH + / \ 


CH;QH; 9 | _ сњен, Q | 
scum oc-( 5, бн, o. JNoneuoc-( Sov, 


CH3CH, CH,CH, 
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74. 
6. 6 " 
HO 
N VÁ 
a. HO Ce 
ae Se О NO, 
O 
О 
b 1 || 
+ 
ZN n 
t uo- Vo, 
c HO NH d s 
Үү г 
О О `о—@ мо 
75. 


НД 
excess 
SOCI, 
T 
‘4 са Cl 
li | 
с. 2 NH 520 
МН — 3 ~ 
$ 
N 
Z No 


76. 
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Because electron-withdrawing substituents have positive substituent constants and electron- 
donating substituents have negative substituent constants, a reaction with a positive p value is 
one in which compounds with electron-withdrawing substituents react more rapidly than 
compounds with electron-donating substituents, and a reaction with a negative pvalue is one 


in which compounds with electron-donating substituents react more rapidly than compounds 
with electron-withdrawing substituents. 


electron withdrawal increases electron donation increases 
the rate of the reaction the rate of the reaction 


log rate 
log rate 


-2 


> 
N 


a. In the hydroxide-ion-promoted hydrolysis of a series of ethyl benzoates, electron-withdrawing 
substituents will increase the rate of the reaction by increasing the amount of positive charge 
on the carbonyl carbon, thereby making it more readily attacked by hydroxide ion. The p 
value for this reaction is, therefore, positive. 


O 
|| ы 
х—@ \—t-ocn,cn, + HO: — 


In amide formation with a series of anilines, electron donation will increase the rate of the 
reaction by increasing the nucleophilicity of the aniline. The p value for this reaction is, 
therefore, negative. EE. 


b. Because ortho substituents are close to the site of the reaction, they introduce steric factors 
into the rate constant for the reaction. In other words, the presence of an ortho substituent can 
slow a reaction down, not because it can donate or withdraw electrons but because it can get 
in the way of the reactants. Therefore, any change in the rate is due to a combination of steric 
effects and the electron-donating or electron-withdrawing ability of the substituent. 

Because the change in rate cannot be attributed solely to the electron-donating or electron- 


withdrawing ability of the substituent, ortho-substituted compounds were not included in the 
study. 


c. An electron-withdrawing substituent will make it easier for benzoic acid to lose a proton, so 
ionization will show a positive p value. | 
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1. 


2. 
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Chapter 17 Practice Test 


Circle the compound in each pair that is more reactive toward nucleophilic acyl Substitution. 


О 
| || 
а. СНзСОСН, or CH4CNHCH; 
О | | 
|| 
b. CH4COCH, or сн:бо- Y 
| | 
с. cmo осн, ог сњбо—( о, 


i ft i 
d. CH,COCCH, | or CH4CCI 


Give the systematic name for each of the following: 


| 
a. CH,CH;CH;CH;CNHCH;CH, 


о 
| 
b. снусн,снсн,Сон 
сн, 


О 
| | 
{ {_$У—сиснсн.босн, | 


П || 
d. CH;CH,COCCH, 


Give an example of each of the following: 


a. a symmetrical anhydride 
b. a hydrolysis reaction 


с. a transesterification reaction 
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What carbonyl compound would be obtained from collapse of each of the following tetrahedral 
intermediates? 


en а 

а. CHj—C—NH; © CHy—C—NH; 
OH OH 
OH OH 

b. сну-<-осн, 4. сн,-<-фсн, 
"Он он 


Give the product of each of the following reactions. 


a. CH;CH,C=N + H,O i Ea 
О 
|| НО. 
CH,CH,COCH,CH,CH, + но НО» 


ИН 
с. CH4CH;CH4COCCH;CH; + H,O — 


| || 
d. CH,CH,CCl + 2 СН.СНМН, ——» 
О 
|| 


е. (> босњ + сњењон == 
ехсе55 


1. SOCI, 


| 
f. CH,CH,CH,COH == и 
2. CH,;CH,CH,OH 


| НСІ 4 
8. CH4CH;CNHCH; + Н-О IT a 


О 
| 
h. сненбо—@ Y + Ho AOD 
excess 
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Carbonyl Compounds II: Nucleophilic Acyl Addition, Nucleophilic Acyl Substitution, and 
Nucleophilic Addition-Elimination * Reactions of а, B-Unsaturated Carbonyl Compounds 


Important Terms 
acetal 


aldehyde 


conjugate addition 


cyanohydrin 


deoxygenation 
gem-diol (hydrate) 
direct addition 


disconnection 


enamine 


hemiacetal 


hemiketal 


nucleophilic addition to the 6-carbon of an o,f-unsaturated carbonyl 
compound. 


OH 
R— СКН) 
CEN 
removal of an oxygen from a reactant. 
a molecule with two OH groups on the same carbon. 
nucleophilic addition to the carbonyl carbon. 


breaking a bond to carbon, in a retrosynthetic analysis, to give a simpler 
molecule. 


an a,f-unsaturated tertiary amine. 
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pydrate (gem -diol) a compound with two OH groups on the same carbon. 
oH 
БРЕ 
ОН 
pydrazone 
R 
C=N—NH), 
(H)R' 
imine (Schiff base) 
R 
С=М—К 
(H)R' 
ketal 
OR 
R—C—R 
OR 
ketone 
О 
| 
в” ^R 
nucleophilic асу! a reaction in which a group bonded to an acyl group is substituted by 
substitution reaction another group. 
nucleophilic addition- a nucleophilic addition reaction that is followed by an elimination reaction. 
elimination reaction Imine formation is an example: an amine adds to the carbonyl carbon, and 
water is eliminated. 
nucleophilic addition a reaction that involves the addition of a nucleophile to a reagent. 
reaction 
oxime 
R 
С--М--ОН 
(H)R' 
phenylhydrazone 
R 
N 
C=N —N HC.Hs 
(H)R' 
pH-rate profile a plot of the rate constant of a reaction versus the pH of the reaction 
mixture. 
^ _ Ир: A С 
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prochiral carbonyl 
carbon 


protecting group 


reduction reaction 


reductive amination 


Schiff base (imine) 


semicarbazone 


synthetic equivalent 
synthon 
target molecule 


Wittig reaction 


ylide 


a carbonyl carbon that will become a chirality center if it is attacked by 
a group unlike any of the groups already bonded to it. 


a reagent that protects a functional group from a synthetic operation that ; 
would otherwise not survive. 


a reaction in which a molecule gains electrons. In the case of an organic 
molecule, a reaction in which the number of C-H bonds is increased or th 
number of C-O, C-N, or C-X (X = halogen) bonds is decreased 


the reaction of an aldehyde or a ketone with ammonia or with a primary 
amine in the presence of a reducing agent (H2/Raney Ni). 


N || 
C=NNHCNH, 
(H)R' 


the reagent actually used as the source of a synthon. 
a fragment of a disconnection. 
the desired end product of a synthesis. 


the reaction of an aldehyde or a ketone with a phosphonium ylide, resultin 
in formation of an alkene. 


a compound with opposite charges on adjacent, covalently bonded atoms 
with complete octets. 
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Solutions to Problems 


1. If the ketone functional group were anywhere else in these compounds, they would not be 
ketones and, therefore, would not have the "one" suffix. 


. 3-methylpentanal, 6-methylvaleraldehyde 

. 4-heptanone, dipropyl ketone 

. 2-methyl-4-heptanone, isobutyl propyl ketone 
. 4-phenylbutanal, y-phenylbutyraldehyde 

. 4-ethylhexanal, yethylcaproaldehyde 
1-hepten-3-one, butyl vinyl ketone 


-чсаосв 


3. а. 6-hydroxy-3-heptanone b. 2-oxocyclohexylmethanenitrile c. 3-formylpentanamide 


4. a. 2-Heptanone is more reactive because it has less steric hindrance. There is little difference in 
the amount of steric hindrance provided at the carbonyl carbon (the site of nucleophilic 
attack) by a pentyl and a propyl group because they differ at a point somewhat removed from 
the site of nucleophilic attack. The difference in size between a methyl group and a propyl 
group is significant at the site of nucleophilic attack. 


|| || 
CH,CCH,CH,CH,CH,CH, СН;СН;СН;ССН;СН;СН; 
2-һеріапопе 4-heptanone 
b. para-Nitroacetophenone is more reactive because the electron-withdrawing nitro group ^ 


makes the carbonyl carbon more susceptible to nucleophilic attack compared with an 
electron-donating methoxy group. 


О 
|| 


" О 
NN = ДА || 
AN CCH, СНО CCH; 
-0 


5. a. Two isomers are obtained because the reaction creates an asymmetric carbon in the product. 
(СНС CI;,CH;CH; 
1. CH,CH,MgBr 7 “С. 
CH,CCH,CH,CH, ee e cg VCH H3C'/^ ^ CH;CH4 
2. НО 32 ОН HO 


(S)-3-methyl-3-hexanol (R)-3-methyl-3-hexanol 


b. Only one compound is obtained because the product does not have an asymmetric carbon. 


i 1. СН,МеВ ra 

А Т 

СН;ССН,СН,СН, uoto CH,CCH;CH;CH, 
ASRS 


520 


10. 
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|| 
СН;ССН;СН; + CH3;CH,CH,MgBr 


|| 
CH4CH;CCH;CH;CH; + СН.МвВг 


The Grignard reagent will react with the proton from the carboxylic acid, forming an alkane and 
a carboxylate ion. 


О 
|| , || _ 2+ z 
ЕСОН + КМВ ———» RCO + RH +М + Br 


a. Solved in the text. 


b. О 
|| || 
1. CH4COR + 2 CH,MgBr 4. CH;COR + 2 CH;CH,MgBr 
О 


|| 
2. Solved in the text. 6. CH3;COR + 2 MgBr 


If a secondary alcohol is formed from the reaction of a formate ester with excess Grignard 
reagent, the two alkyl substituents of the alcohol will be identical because they both come from 
the Grignard reagent. Therefore, only the following two alcohols can be prepared that way. 


CH;CHCH; CH;CH,CHCH,CH, 
OH OH 


If the compound is alkylated after nucleophilic attack, the alkylation on oxygen will compete 
with alkylation on carbon. 


OF OH 


NH ~ CH4CH,CH | у | 
а. HC=CH ---2»- нс=с — X HC=CCHCH,CH; HL HC=CCHCH,CH; = 


13. 


14. 
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NH - CHB E > 
b. HC=CH —— НСес =. нс=ссн, En. `С=ссн, 


ОН 


3 o7 
| H' | 
CHCECCH, <— CHC=CCH, 


с нсесн NE нсес“ OEBE ңс=ссн,сн, NE "сессијсн, 
О 
cnn, 
ек | H' id | 
снҙес-ссн;сн; —— сн с=с; | 
CH, СНз | 
| 


No, ап acid must be present in the reaction mixture in order to protonate the oxygen of the 
cyanohydrin. Otherwise the cyano group will be eliminated and the reactants will be reformed. | 


Strong acids like НСІ and Н25Од have very weak conjugate bases (СГ and Н5О4”), which аге 
excellent leaving groups. When these bases add to the carbonyl group, they are readily 
eliminated, reforming the starting materials. Cyanide ion is a strong enough base, so it is not 
eliminated unless the oxygen in the product is negatively charged. 


Solved in the text. 


а. CH;CHCH,OH с. 
M CH,OH 
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15. 


О о О О 
| | | | CH;CH, 
a. CNHCH, b.CH,CNH, ©. CH,CNHCH;CH, d. CH,CN 


сн,сн, 


16. 1. LiAIH4 2.Н20 


НСІ, Н2О, А 
1. HCl, H20, A 2. ВОСІ 3. LiAIH[OC(CH3)3]3, – 80 °C 4. H20 
1. HCl, H20, A 2. ПАТНА 3. Н30+ 


ROT 


17. For the derivations of the equations used to calculate the amount of a compound that is present п 
either its acidic or basic form, see page 42. 

| | T" Ін” | 

а. fraction present in the acidic form = 


K + [H*| 
в] _ 3.2x10° 
K,+[H*] | 32x10 «32x10? 
3.2 x 10? 
3.2 x10’ 
= 1x10" 
| | "T [n] 
b. fraction present in the acidic form = — L3 
к +јн'] 
a 
[mj _ 3.2 x10? 
K,+|H*] | 32x10 «32x10? 
3.2 х 107: 
3.2 х 10' 
= 107 
c. fraction present in the basic form = — ——— 
K +[н'| 
a 
Ko 1.0 x 10% 
к, «[H'] — 10x105«32x10? 
1.0 x10% 
3:2 x 10^ 
= 3.1 x 10? 


Chapter 18 523 


18. Тһе nitrile reacts with the Grignard reagent to form an imine which could then be hydrolyzed to 


a ketone. 
R + R * 
N - HO H4O 
ВСЕМ + R'MgBr --->- сем —— NC-NH — “с=о 
к” Рр” к^ 
+ “мн, 
19. а 
В 
и NHR 
Oe ORC = OX 
H 
B: yH 


+ 
{у= + ЕМЊ = = + RNH, => 


F 


(98 
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20. 


Chapter 18 


e 


(V / ў са NR, 
м + H,0: <— % 
R 19E 
H | 


NUR, 
О + БН, +> ( ун: RNH == C XS 


b. The only difference is in the first step of the mechanism: in imine hydrolysis the acid 
protonates the nitrogen; in enamine hydrolysis, the acid protonates the f-carbon. 


« [Doo 
~ Су 
‘Or 
қ. 


catalytic 
& H* i 
+ CH4CH;NH; == ба + H,O 
E „CHCH; 
+ — £x Cp + H,O 
CH,CH, ~сњ;сн; 
sar 
C=O + CH4(CH5)SNH; == d vs = М(СН,);СН; + Но 
catalytic 


Ht 
Ont Ou + 
CH; | 
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и. 


а. b. c. NO, 
e а 7 өзе 
C—N О = 
g NHÜNH, CH,CH 77%; мо; 
2 с Because the ketone is symmetrical, 


E and Z isomers are not possible 
for this compound. 


22.  Thelone pair on the nitrogen that is attached to the carbonyl carbon isin resonance with the 
carbonyl group. This nitrogen, therefore, cannot act as a nucleophile since its lone pair is not 


available for nucleophilic attack. 


not nucleophilic 


cg 


nucleophilic H,NNH-C—NH, 


o`- | 
ee ов | 
-—  HjNH-C-NH, | 


о 
ee + ee 
H,NNH=C—NH, 
23. | 
( “но | 
Со Рон OH | 
C + но: == R-C-H == R-C-H + HO: 
О ОН 


24.  Electron-withdrawing groups decrease the stability of the aldehyde and increase the stability of 
the hydrate. Therefore, the three electron-withdrawing chlorines cause trichloroacetaldehyde to 


have a large equilibrium constant for hydrate formation. 


[hydrate] 


Ка = ———— 
{aldehyde} [НО] 
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25. Because an electron-withdrawing substituent decreases the stability of a ketone and increases the 
stability of a hydrate, the compound with the electron-withdrawing para-nitro substituents has 
the largest equilibrium constant for addition of water. 

i 
26. 
| d ‚н ) & 1 " 
| :ОВ UE R z н OH "MH 
R—C—H === R—C-H === T — R—C-H = R—C-H 
idu ae Сок :OR :OR 
G 
C | 
‚,Н 
Pd i ee 
HB’ + С z= С. == R—C-H 
ZTN „~ + 
E R ë H :OR 
H 
27. 


When a tetrahedral intermediate collapses, the intermediate that is formed is very unstable 


because of the positive charge on the sp” oxygen atom. In the case of an acetal or ketal, the only 


way to form a neutral species is to reform the acetal or ketal. In the case of a hydrate, a neutral 
species can be formed by loss of a proton. 


H 
| RO: 
:B 
5% "em N < ) 
M “ОК 
OR к. a 
R-C—H == R-CH === " 
OR COR Сок 
RO: 
И = eid В 
:ÓR :OR R H R H 
ЕР NND at + 
cei == р сене === С = M poor. 
ОН Сон *OH О: 
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28. a. Hemiacetals are unstable in basic solution because the base can remove a proton from ап ОН 
group, thereby providing an oxyanion that has sufficient driving force to expel the basic "ОК 


group. 
(Q-H — iH ‘> 
R—C—H = Кон 
OR GOR 


In order for an acetal to form, the СНЗО group in the hemiacetal must eliminate an “OH 
group. Hydroxide ion is too basic to be eliminated by a СНЗО group, but water can be 
eliminated by a СНЗО group. Since the OH group must be protonated before it can be 
eliminated, acetal formation must be carried out in an acidic solution. 


:OCH; 


R—C—H SS 
«он 


(:9сн» +ÖCH; 
R-Ç-H = R—C—H + HO 
«он 

Н 


c. Hydrate formation can be catalyzed by hydroxide ion because a group does not have to be 
eliminated after hydroxide ion attacks the aldehyde or ketone. 


29. 
OH 
a. CHOH b. NaBH, 
30. An acetal has a very poor leaving group (СН.О^). 
OCH; 
CH,—C—H 
ден, 
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31. Nitric acid is ап oxidizing agent and primary amines are easil 
nitrobenzene. If excess nitric acid is present, nitrobenzene can be converted to meta-dinitroben; 
i 


| | NH, NO, NO, 
TEM | — HNO 
ko — JING 
REI 8250, 
| | NO; 


y oxidized. So one product would 


H5SO, 


| 32. 
d MU а MR 
80% 0.80х0.80 080x064 080х051 080x041 04 
64% 51% 41% _ 33% 
b. G —= н I 
26% 0.80х0.26 080х021 
21% 17% 
33. 3 
а. HOCH;CH,CHjBr + (СНУ С ВОН (CH3)SiOCH;CH;CH;Br 
| | CH,;CH=O | 
(CH3)3SiOCH,CH,CH,CHCH, 7 ý (CH3);SiOCH,CH,CH,MeBr 
= + 
О Mg Br 
2 | 
BOCH;CH;CH;CHCH, 
OH 
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о / 3 E 
|| О 
b C. " 
+ носн,сн,он <= ML. Жек 
ЕДО 
Вг MgBr 
^" 


a. 


O 
| j 
1. Solved in the text. 3. ¢ \-ca + CH )=P(C¢Hs)3 


Р(СєН5)з 


| | 
ог Фу + CH,=O 
2. = : 


О + CH,CH,CH=P(C.Hs)s 


4. (СЕН уС=0 + = 
РСН); + CH4CH,CH-O (Сен); СН.СНЕР(С НУ 


OG 


or (СеН )С=Р(СеН ој + CH;CH=O 


b. 
1. Solved in the text. 2. CHCH;CH9Br 3. CHjBr 4. CH,CH,Br 


or (CgH5),CHBr 
or CHjBr 
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| 
| 
| 
| 35. To review how to determine whether an asymmetric carbon has the R or 5 configuration, see 


Section 5.6. 
| 1” 
"au yu ЧЕ (C) 
CH4CH 
aii 3-72 СН: 
S 
1 ps 
b. ^C CH4MgBr C, 
H кте А. 
СН; 
К 
п. ie 
с. C CH4MgBr с. 
ÁN "a 
3 СН; 
No enantiomers are possible because the 
compound does not have an asymmetric carbon. 
|| он 
d. C CH4MgBr С 
4 | г “сн CH,CH 
CH3CH, CH,CH,CH, сн;сн, тім QW LES ES 
3 
S 


36. 


a. Br _ ОН 
DW D. M 


The above synthesis will also form an elimination product (cyclohexene). 


The following procedure will give a greater yield of the target molecule because the substitution 
product is favored by a weak base (see page 423 of the text), and the substitution product can b 
hydrolyzed to the target compound. 


о 
О || 
Вг eu Й ^ OCCH, OH 9 
on О" O”. ah 
2 


ехсеѕѕ 


Е : _ | поље лем ыш 
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Р(СН Р(СЕН 
( 6 5)3 CH,(CH,)3Li СТ ( 6 5)3 
—_—— > 


Е 
о 
о 
я 


с)=О© 


~ 
јен CH; 


ре 
С 
“сн; 
(CgH5)3P=O + 
Br MgBr 0 CH,CH,OH 
: _Мв_ в ДА тА 
1246) =e 
H,SO, | 
+ 
CHCH, СНСН; | сн=сн, 
<——— — Н. 
+ H* + H,O 
іне 
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37. 
он 
а. с. CH,C—-CHCCH, 
О CH, CH, 


CEN 
CH, O 
b. | || 
КА d. CH3C-CH;CCH,; 
OH CH; 


38. Ifthe initial reaction of the o; -unsaturated ketone with sodium borohydrate is conjugate 
ji addition, a ketone will be formed, which is then reduced to a saturated alcohol. 


(0) О ОН 
қ 1.МаВН 
1.ХаВН, 4 
2.ЕЮН 2. КОН 
a saturated alcohol 


| If the initial reaction of the o; f-unsaturated ketone with sodium borohydrate is direct addition 
the final product will be an o, ff-unsaturated alcohol, which won't be further reduced. 


O OH 
1.МаВН 
2. EtOH 
| unsaturated alcohol 
А sterically hindered ketone will be less likely to undergo direct addition and, therefore, more 


likely to undergo conjugate addition, the pathway that does not form an unsaturated alcohol. 
Thus, the nonsterically hindered ketone will give a higher yield of unsaturated alcohol. 


39. 
0 О 
|| || 
Z^ HB ж 
а. CH,CH=CH OCH, ——> CH,CHCH; ОСН; 
О Вг О 
il il 
7 С. CHOH 7 EN 
b. CH,CH=CH СІ — Ss  CH,CH-CH OCH, 


_ и—_б 
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Ex О 
| 
| C 
ж NH, ^ CH,CHCH; “OCH 
с. CH,CH=CH OCH, = 31 2 2 
NH, 
О О о 
|| || || 
С МН. С NH Je 
ғ ~ 
а. CH,CH=CH ‘а — = снусн-сн” "wg, = CH,CHCH; NH, 
NH; 
40. 
| 0 i 
a. CH,CHCH d. CH 
CH; j 
| CH, 
b. CH,CHZCHCH,CH,CH CH 
И 
с 8. CH3CH,CHCH,CH,CH О 
с. CH,CHCH;CH;CCH;CH;CHCH, о Br 
CH; CH; Ше 
| | ћ CH,CH, 
€. снұссн;Ссн; 
|| Т i 
г. CH;CH;CCHCH;CH;CH; i. CHCCHCH;CH;CH 
Br | ‚ CH, 
41. 
| | 
а. CHCH;CH e. CH,CH,CCH,CH, 
OCH,CH; CEN 
ММН; f. СН.СН,СН,СН,ОН + CH;CH,OH 
b. C N corca, 
O O 
g- CH,CH,CH,CCH; 
= с С N-enencn, О 
h. 
a он CH, 
d. CH,CH,CHCH, 


43. 
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i | D 
CH;CH,CH > CH;CH,CCH,CH, > CH,CHCH;CCH;CH, > 
CH, 
li | үз 
CH3CH,CHCCH,CH; >  CH,CH;CHCCHCH;CH, > CH;CH;CHC—CCHCH, 
CH, CH; CH; CH, CH, 
a. 
1 
R —C—H R'CH=CH, 
1.NaBH, 
1.BH,/THF 
2.H40* 1 
il ы 2.НО' Њ,0; 
R—C—OH 
1.LiAIH, КСНВг 
2.H40* 1. СНСОО 
о 2.H40* 
1. ЧАШ, 
R—C—OR 2Ho ^ RCH,OH i. RCH,OCH, 
; 1.R'MgBr 
i i LLiAIB, N o т 
R—C—c| ^2Hj0' | 2.H,0* WLR'MgBr^ 0 
2.H;0° /N 
(ШЕ 


| 
-Е-С-О-С-Е Н,С-О 


b. The reaction of a Grignard reagent with ап epoxide. 


c. The reaction of a Grignard rea 


gent with an epoxide and the reaction of a Grignard reagent 


with formaldehyde. In each of these reactions, a new carbon-carbon bond is formed. 
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О OH 
a. 1. NaBH, 
| 2.H40* 
O OH 
b. 1. NaBH, Н,50, 
— > 
2. НО ^ 
0 он Вг 
e 1. NaBH PBr, 
2.H40* 
0 NH, 
4. H 
* NH, -— а 
Pr C=N CH,NH, 
Бете 
Pt 
product of c 
CH. „сн, СН „С 
f. 
+ СН --- S а. A 
CH, 
Pr CH=CH, 
8. 
+ (CH,=CH),CuLi ethen 
product of с 
| C=CH CH=CH, = 


or 
+ HC =C —> 
au 


product of c catalyst 
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О 
| МН,МН,, НО; A 
— ы 


Zn(Hg), НСІ, A 


И _1. NaBH, н,50, H, 
Pu THOU H40* Pt 
| EC CH,CH, CH;CH, CH;CH, 
| 1. CHCH,MgBr H но. 
udu SI eem Кој 
ог 
О CHCH, 

| № + СНСН=Р(С,Н;) ->- O x E 

| | 45. 


(dim: ба он Cp 


{ О: 
| Ра || Ра || 
| HOCH,CH,CH,CH,CH ===  HÜCH,CH,CH,CH,CH === 
HB* f ^H | 
e H 
осн, В: «осн, со биш 
О о САОН “о + <> О 
= == = == 
+ H,O 


g ability of the para substituent, the greater the Keq for 


46. The greater the electron-withdrawin 
hydrate formation. 

O 

| 


О О 
|| || 
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a. СНОН 285. CHBr = CH4MgBr =—2 
2 


CH4CH;OH 
+ 3 2 
2.H, H,O 


Br ; 
b. CH, => CHBr “Es сн,мевг Lethylene oxide oy 


CH,CH,OH 
ЕЦО H’,H,0 Ии 


+ 
а. ДЕ + CH;,CH,NH, 


0 CH;CH;.... , CH;CH, 
CH,CH, e " 
: $ 
b. CH,CH;CCH; OCH; 


CH,CH, 
/ ) CH, 0 

СНСН f. ron 

x i N i. CHjCCHCCH; 
О | _ 
OH NCH,CH, 

d. CH,CH;CCH;CH, в. 9 

|. Сн;сн; 1. CH;NHCH,CH,COCH, 


" e > б, e $—CH;CH; :S—CH,CH, 
HjN—C-NH, —2—2 X H,N—C—NH, 


— HjN—C-NH, 


м бон 
| 


HN C-NH, + CH4CH;SH ---- HoN —C—NH, + CH,CH,S 
*OH 


b. CH,CH,CH,CH,CH,SH 


WT 
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50. Тһе offset shows there is a signal at ~11.8 ppm, indicating an aldehyde. The ІН NMR spectrum 
is that of benzaldehyde. Phenylmagnesium bromide, therefore, must react with a compound with 


one carbon atom to form an alcohol that can be oxidized by the mild oxidizing agent (MnO,) to 
benzaldehyde. Therefore, Compound Z must be formaldehyde. 


1. phenylmagnesium bromide M 0 
H,C=O кис ыы ( Nonon I ДЕ 
formaldehyde 2, H39 


Compound Z 
51. 

"OO- өө s 
N N 
—в' H50* қ 
Н 8 В: ww: 
CH;CH;CH;NH; CH,CH,CH,NH), 

СІ — <-- 

О 


| OF ув 


В: H CH Су 


:OCH; "С осн; CH4O “зін CH40: | 
TA (осњ сн, 20 „он 
Н,О: — 


| 


Chapter 18 539 


с 


(+ 
с. CHCH, ÖH 
> Ive ГҮ, —— 
Q 0 О 


+ 
Оскен; 
HB* 
O OCH4CH; 
a. three signals in the ІН NMR spectrum b. three signals in the 13С NMR spectrum 
OH OH 
|| || 1. excess CH;MgBr | | 
CH3;CCH,CH,COCH, ---------»- СН;ССН;СН;ССН; 
2.Н,Н,О | | 
CH, CH; 
UJ О 
Б | с HC М HC | 
` / ` 
C=C C=C 
/ / ` 
UH М "СН, Н Н М 
CH; H С» 
b. Cy e 4. CH,CH,CH,CH; — CH;CH;CH;CH, 
С “С 
H4C— OH H H | / XH н"/ ~ 
3 3С С 3. CH4CH; Vor не CHCH, 


О 
| 
а. CH,CH,CCH,CH,CH,CH, + (ман 
i 
Фи. + CH,CH,CH,CH,MgBr | 


|| 
CCH,CH,CH,CH, + CH4CHjMgBr 
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55. 


ій 


56. 


57. 
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i 
b. CH,CH,CCH,CH,CH, + CH3CH,MgBr 
|| 
CH4CH;CCH;CH, + CH,CH,CH,MgBr 


|| 
CH;CH,CH,COCH,CH, + 2 CH4CH;MgBr 


HO CH, О HO, сем OH 
a. b. c. 
СН; CH; 
CH, C=N C=N CH; 
Because there is 
excess cyanide ion. 
О О О 
d. e. f. 
СН; СН; СН; 
Вг CHCH; 5СН;СН; 


Enovid would have its carbonyl stretch at a higher frequency. The carbonyl group in Norlutin 
has some single-bond character because of the conjugated double bonds. This causes the carbor 
oxygen bond to be easier to stretch than the carbon-oxygen bond in Enovid that is not involved 


in resonance. 
b Sek "Oo : * 


Norlutin 


The absorption bands at 1600 cm-!, 1500 cm-!, and > 3000 ст! in the IR spectrum indicate the 


compound has a benzene ring. The absorption band 1720 cm:! suggests it is a ketone with the 
carbonyl group not conjugated with the benzene ring. 


The broad signal at 1.8 ppm in the !H NMR spectrum indicates an OH group. We also see there 
are three different kinds of hydrogens (other than the OH group and the benzene ring hydrogens 
The doublet at 1.2 ppm indicates a methyl group adjacent to a carbon bonded to one hydrogen, 
and the doublet at 3.6 ppm are due to protons on a carbon that has the carbon bonded to one 
hydrogen on one side of it and the electron-withdrawing OH group on the other side. 


The IR spectrum is the spectrum of 2-phenylpropanal and the !H NMR spectrum is the spectrun 
of 2-phenyl-1-propanol. 
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О 
|| 1.МаВН 
{син ——— { \сненюн 
| 2. HO | 


СН: CH; 


The difference in the two reactions is a result of the difference in the leaving ability of a 
sulfonium group and a phosphonium group. Because the sulfonium group is a weaker base, 
it is a better leaving group. Therefore, it is eliminated by the oxyanion. 


+. 
"m Сен» 
CH4CH;CH TCH, — CH3;CH,CH—CH, 
+ 
О S(CH4); 


А 
СН;СН;СН 3CH, ж-е CH4CH;CH— CH, + (СН;);5 


ОН 


а. as 1. сна CH43MgBr С У, 

2. H30 CH, 

0 О 

ЖАРА e ао (у, 
2. H,O 


M 1. | 
CH4CH;CH;CH5Br КЕИШ CH3CH,CH,CH,MgBr oe CH3;CH,CH,CH,COH 
2 TES 
or 
О 


+ 


rem н.о | 
CH;CH;CH;CH;Br = CH,CH,CH,CH,C=N ——> CH,CH,CH,CH,COH 


d. 
1. LiAlH, 
НС” ^N^ “о 260 HC N 


OH Br +NH,CH, NHCH, 


А CH4NH = 
e РВі; 312 НО 


Г. 


· 542 


60. 
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9 9 | :0: 
а. CH,;CCH,CH,COCH,CH, + СН. -МёВг —— = CH;CCH;CH;COCH;CH, 
н 0 


E 
| |, 
С^ ue 
HÓ: 
CH; 
О 
NN 
H 
HÓ* 
CH; 
:0: 
K^ | Ө 
H В 
| 
сн;о*^ P Op ^ СҢ; 
CH; A 
СН.ОН XG 
©. 
О ставе и 
`+ HO 
О О 
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а. The OH group оп C-5 of glucose reacts with the aldehyde group in an intramolecular 
reaction, forming a cyclic hemiacetal. Because the reaction creates a new asymmetric carbon, 
two cyclic hemiacetals can form, one with the R configuration at the new asymmetric carbon 
and one with the S configuration. 


hemiacetal hemiacetal 
H—C-O ES OH D H 
H OH H OH H OH 
H H — НО H О + НО Н Ó 
H OH H OH H OH 
H ÓH H H 
СН;ОН СН;ОН СН-ОН 


b. The two products сап be drawn іп Шей chair conformations by putting the largest group 
(СНОН) in the equatorial position and then putting the other groups in axial or equatorial 
positions depending on whether they are cis or trans to one another. The hemiacetal on 
the left has all but one of its OH groups in the more stable equatorial position, while the 
hemiacetal on the right has all its OH groups in the equatorial position. Therefore, the 
hemiacetal on the right is more stable. 


OH 


hemiacetal 
less stable more stable 
Р(СеН5)з + 
CH,CH,Br —— >> CH2CH;P(C6H5); 
22 + 
си сну ~ (ЗУ onina, 
СН; 
/ 
о=с 
\ 
СН; 
С Ч-сшснесен, 
СН; 


| | 
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63. 


О: +ОН :OH H 


| | ~ + 


| | 
CHCH === CH,CH ——> CHCH НССН; —— £0 `0 
Ж es 


(о Q a 9: H,C^ 707 “сн, 
|| „СН 
CH4CH НС” + | 


64. Converting the Fischer projection of (R)-mandelonitrile into a wedge-and-dash structure allows 
you to see that attack of cyanide ion occurred on the Si face (decreasing priorities on the face 
closest to the observer are in a counterclockwise direction). 


q : 
CEN а = (из 
СЕМ -& 
mm 


65. 
i 
a. {у + (СНРЕСНСН.СН.СН, ог 
ies 
{У + O=CHCH,CH,CH; 


Р(СЬН.)» 


О 
b. 
: + (CgH;);P=CHCH,CH, ог + O=CHCH,CH, 
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О 
с. {ув + (ануғ-сн--// 7) 
О 


P(C,¢Hs)3 
d. Е 
+ (С6Н;5)зР==СН, ог + О--СН, 
CH, 0 
CH,C-CHCH | ——L — X CH =CHCCH,CH 
| 2. HO | 
СН; А СҢ; 
1. СН 
2. H40* 
CH, OH 


CH; —CHCCH;CHCH, 
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68. Тһе compound that gives the "HNMR spectrum is 2-phenyl-2-butanol. 
OH 


| 
7 
СН; 
Therefore, the compound that reacts with methylmagnesium bromide is 1-рһепуі-1-ргорапоі 
ў LM 
(5-<снен, лы ч (5-снев, 
2. НО | 
СН. 
69. 
| O 1. CHMgBr OH 
i (СНС [ excess | 
а. CH;,CHCH,COCH; ————9- CH;CHCH,COCH; — > CH;CHCH,CCI 
| | _ (CH4CH3N О | 


OH OSi(CH;)3 218 OH CH 


MgCl 


R 7 (снуузс = Mg 
: 3)391 — E D 
X (CH;CH,)3N CX Mas CX | 
| OH 275202 OSi(CH;)3 OSi(CH3)3 


lo, 
COOH Қ СОО" 
я сае 
<— | 
ОН 


OSi(CH34 
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1 О. О о, О 
сн Soy сн 
3 HOCH,CH,OH 3 Mg. 3 
Br Br MgBr 
О 
TAN 
2. HCI, HO 
О 
| 
“сн, 
CH,CH,OH 
eo 26: ) can 
is | S 
+ CH,-N=N ——» = 4 + № 


a. The COOH group that is closest to the electron-withdrawing keto group is the more acidic 
COOH group. 


ин 
HOC—CCH;COH 
рКа = 2.22 рКа = 3.98 


b. The data show that the amount of hydrate decreases with increasing pH until about pH = 6 
and that increasing the pH beyond 6 has no effect on the amount of hydrate. 


O O О O OH О 
Hog | Ht | | || 
HOC—CCH,COH + H,O —> Boe CCOR 
oxaloacetic acid OH 

hydrate 


A hydrate is stabilized by electron-withdrawing groups. A COOH group is electron withdrawing, 


but a СОО- group is much less so. In acidic solutions, where both carboxylic acid groups are in 
their acidic (COOH) forms and, therefore, stabilize the hydrate, the compound exists as 


essentially all hydrate. As the pH of the solution increases and the COOH groups become COO- 
groups, the amount of hydrate decreases. Above pH = 6, where both carboxyl groups are in their 


basic (СОО-) forms, there is only a small amount of hydrate. 


Chapter 18 
72. 
CH, ОЕ 
AN: 
a (EtO)3P: + CHi HOE — Сео jum 
& Br OR 2. 
:Вг: 
CH4ORt CH,OEt 
CH,C-P—O -——— CH,C-P—O + CH,CHjBr 
" B: 
ОЕ -- OEt 
о. OB go Ub 
SpZ% ae: 
e ““ОЕ че | ок 
С с зари». ЛЫ 
ай Ne С CH, ---- Кеч С CH, 
CH, R R CH, 
"О ок 
14 
R CH, Öz Р. 
Nc=c” + (ОРО «-- Кү OB 
4 N C C—CH, 
R CH; | 5f x 
R CH, 
с. О 
|| || 
1. (ВОЗР: + BrCH;CCH, —— (EtO)P—CH,CCH, + СЊСЊВг 


pur 


| 
| CH,CH,CH 
CH;CH,CH=CHCCH, -———— 


| | 
(EtO),P—CHCCH, 
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т Те 

|| 

2. (EtO);P: + снуснсосн, ——= (EtO),P—CH—COCH, + СЊСЊВг 
ve О (вг 


О 
о CHO 
№ OCH; | 1 71 
------- (ЕО)Р-С--Сосн; 


- Q Q 


М: 
NC CHCH С 
PEE 3 -»- С--СН,СН ---СН-СН 
QA „ыы з» E 2-43 
Н--ОН on 
Н,О: Н 
X X 


a. The negative p value obtained when hydrolysis is carried out in a basic solution indicates that 


electron-donating substituents increase the rate of the reaction. This means that the rate- 
determining step must be protonation of the carbon (the first step), because the more electron- 
donating the substituent, the greater the negative charge on the carbon and the easier it will be 
to protonate. Я 


b. The positive p value obtained when hydrolysis is carried out in an acidic solution indicates 
that electron-withdrawing substituents increase the rate of the reaction. This means that the 
rate-determining step must be attack of water on the imine carbon to form the tetrahedral ` 
intermediate, because electron withdrawal increases the electrophilicity of the imine carbon, 
making it more susceptible to nucleophilic attack. 


Hu E Ош = о === C 
са n — T 2% 
С 5 CS = (om E * А” 
| T о 9 О-о-о == :Q—O0—O 
--О--()-- <= О О 
ics 0-0 С | = T T 
» | |. 
Or О, га 
Е : || > 7 2 гај 
= 5 y 
um са 
+ 95 
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| 
C 
| 
НО 


© 
чу wv 
ч ~ 
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Жа ОН HB* 
SCH,CH, 
SCH;CH; 
> | 
ОН 
О 22. 
их 12 CH, 
+ CH;CH=CH—CCH, ——— eno 
T 
N CH, 0 
um M / 5e si CHCH,CCH, 
4 is 
4 i Ñ 5 ы ketone · 


^N 
H H 
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Chapter 18 Practice Test 


1. Give the product of each of the following reactions. 
О catalytic 
|| H' 


a. {нь + NH,OH ——> 
ү. (C) E s 


co, 1 CH;CH;CH,MgBr 


с. 
2. но! 
О 
s + CHCHOH -НС„ 
excess 
| | 
i : e. CH3;CH,CCH,CH, „СМЕ. 
4 2. H30 
| 4 
| f. 
+ NH, „Ны: 
| - Raney Ni 
| О И 
| || сем 
| 8. СЊСЊССЊСН —— > 


| | HCl 


i | 
h. CH,CH—CHCCH, 1. МАН, 
2. Н.О* 


1. С \—Cocucn, 1. 2 CH3CH;CH;MgBr 
2. H40* 


ШО 


| ———— ÉÉ——Ó—Ó—— ———————— 
Е RN ri а. 
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| Which of the following alcohols cannot be prepared by the reaction of an ester with excess 
| Grignard reagent? 


| он он он 
4 CH;CH,CCH;CH;CH; CH;CCH;CH; CH;CCH; 
| CH; CH; CH, 


P Which of the following ketones would form the greatest amount of hydrate in an aqueous 


solution? 
O 
OLO 
С 
{ 
сњо у—е—{_—осн Cl < 2- 


|| Give an example of each the following: 


О-О 


-О- 


a. ап enamine 
b. an acetal 
c. an imine 
d. a hemiacetal 
e. a phenylhydrazone 
5. Which is more reactive toward nucleophilic addition? 
a. butanal or methyl propyl ketone 
b. 4-heptanone or 3-pentanone 
6. Indicate how the following compound could be prepared using the given starting material. 


|| 
CH4CH;CHjBr ——- CHCH CH COCH CH, 
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Carbonyl Compounds III: Reactions at the a@-Carbon 


Important Terms 


acetoacetic ester synthesis 


aldol addition 


aldol condensation 
ambident nucleophile 
annulation reaction 
a-carbon 

carbon acid 


Claisen condensation 
condensation reaction 
crossed aldol addition 


(mixed aldol addition) 


decarboxylation 


Dieckmann condensation 


P-diketone 
enolization 
gluconeogenesis 
glycolysis 
haloform reaction 


Hell-Volhard-Zelinski 
(HVZ) reaction 


Hundsdiecker reaction 


a-hydrogen 


synthesis of a methyl ketone using ethyl acetoacetate as the starting 
material. 


a reaction between two molecules of an aldehyde (or two molecules of 
ketone) that connects the a-carbon of one with the carbonyl carbon of t 
other. 


an aldol addition followed by elimination of water. 

a nucleophile with two nucleophilic sites. 

a ring-forming reaction. 

a carbon adjacent to a carbonyl carbon. 

a compound that contains a carbon bonded to a relatively acidic hydrog 


a reaction between two molecules of an ester that connects the a-carbon 
of one with the carbonyl carbon of the other and eliminates an alkoxide 


a reaction combining two molecules while removing a small molecule 
(usually water or an alcohol). | 


an aldol addition in which two different carbonyl compounds are used. 


loss of carbon dioxide. 
an intramolecular Claisen condensation. 


a ketone with a second ketone carbonyl group at the f-position. 


_ keto-enol interconversion. 


the synthesis of D-glucose from pyruvate. 
the breakdown of D-glucose into two molecules of pyruvate. 
the conversion of a methyl ketone to a carboxylic acid and haloform. 


conversion of a carboxylic acid into an a-bromocarboxylic acid using 
РВт; +Вго. 


conversion of a carboxylic acid into an alkyl halide by heating a heavy 
metal salt of the carboxylic acid with bromine or iodine. 


a hydrogen bonded to the carbon adjacent to a carbonyl carbon. 


К enol tautomerism 


Bipe-Schmidt 
Bboxylation reaction 


tondensation 

(Robinson annulation 
Stork enamine reaction 
| | a-substitution reaction 


Т tautomers 


В -епо! interconversion) 


Chapter 19 555 


interconversion of keto and enol tautomers. 


an ester with a ketone carbonyl group at the f-position. 


reaction of a phenolate ion with carbon dioxide under pressure. 


synthesis of a carboxylic acid аша diethyl malonate as the starting 
material. 


the addition of an a-carbanion to the Bcarbon of an o f-unsaturated 
carbonyl compound. 


an aldol addition in which two different carbonyl compounds are used. 
a Claisen condensation in which two different esters are used. 


a Michael reaction followed by an intramolecular aldol condensation. 
uses an enamine as a nucleophile in a Michael reaction. 
a reaction that puts a substituent on an a-carbon in place of an a-hydrogen. 


isomers that differ in the location of a double bond and a hydrogen. 
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Solutions to Problems 


1. The electrons left behind When a proton is removed from propene are delocalized— the are 
shared by two carbon atoms. In contrast, the electrons left behind when a proton is removed fro, 
an alkane are localized—they belong to a single (carbon) atom. The base with delocalized | 
electrons is more stable so it has the stronger conjugate acid; i.e. propene is a stronger acid than 
an alkane, 


CH;—CHCH; — —e CH,=CHCH, е» Сн,сн-сн, 
+ Н? 


" CH3CH,CH; = — сн;Снсн; 


| | + H* 

M Propene, however, is not as acidic as the carbon acids in Table 19.1, because the electrons left 
|: behind when а proton is removed from these carbon acids are delocalized onto an OXygen or a 
ud nitrogen, which are more electronegative atoms than carbon and, therefore, better able to 

E accommodate the electrons. 


: :0 :0: 
О i 


s | 
| КОН Сере наа КСН--С-К —— RCH=C_R 


| + H* 
2. 
|| || || 
а. CH,CCH;CEN b. CH30CCH,COCH, 
a B-keto nitrile | E В-аіеѕіег 
3. 


| 
a CHCH > HCECH > CH=CH, > CH4CH, 


О 
п П П dí П d | 
CH3CCH,CCH; > CH;CCH,COCH, > CH;OCCH,COCH, > CH,CCH, 


E 


О О О 


с. O NCH, 
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i The ketone is the strongest acid because there is no competition for delocalization of the 

Ё electrons that are left behind when the a-hydrogen is removed. The lactam is the weakest acid 
because nitrogen, being less electronegative, can better accommodate а positive charge and, 
therefore, is better than oxygen at delocalizing its lone pair onto the carbonyl oxygen. Therefore, 
nitrogen is better at competing with the electrons left behind when an a-hydrogen is removed for 
delocalization onto the carbonyl oxygen. 


Both the keto and enol tautomers of 2,4-pentanedione can form hydrogen bonds with water. 
Neither the keto nor the enol tautomer can form hydrogen bonds with hexane. However, the enol 
tautomer can form an intramolecular hydrogen bond. This intramolecular hydrogen bonding 


stabilizes the enol tautomer. Thus, the enol tautomer is more stable relative to the keto tautomer 
in hexane than in water, 


keto tautomer enol tautomer 


2,4-pentanedione 


OH OH OH 


| 
а. CH;CH=CCH,CH, d. 
, and 
О О 
more stable LE 
OH because the double bonds 


| are conjugated 
Б (оњ он © он о 


1 | | || 
е. CH;CH,C=CHCCH,CH, CH4CH-—CCH;CCH;CH,; 
more stable 
OH because the double bonds are conjugated 


č OH OH 
f. C у—сн=©сн, and C у—снс=си, 


more stable 
because the double bond is conjugated with the benzene ring 


The aldehyde hydrogen cannot be removed by "OD. The aldehyde hydrogen is not acidic, 
because the electrons left behind if it were to be removed cannot be delocalized. 
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The haloform reaction requires that a group be created that is a weaker base than hydroxide į 

so that hydroxide ion is not the group eliminated from the tetrahedral intermediate. For an ы 
group to be the weaker base, it must be bonded to three halogen atoms. The only alkyl group tha 
fulfills this requirement is a methyl group. 


A Br—Br bond is weaker and easier to break than a СІ--СІ bond, which in turn is weaker and 
easier to break than a D—O bond. Because the rates of bromination, chlorination, and deuteriun 
exchange are about the same, you know that breaking the Br—Br, CI—CI, or D—O bond takes 
place after the rate-determining step. Therefore, the rate-determining step must be removal of th 
proton from the a-carbon of the ketone. 


rate-determining step rate of this step varies 


ZOH / «он / +ОН 
ВСН Me + НО! === RCH dn z= RCH=CR T—- RCHÜR + X 
: 3 E хх | 
Н » X 
ВО Nw + Н.О or 
р—ор | H,O 


i 
RCHCR + H4o* 
X 
" 0 0 
! н.о | CHjNHCH; | 
а. СН;СН;СН + Вг, TI CH3CHCH —— тані CH4CHCH 
| Вг М(СН,), 
+ О 
|| Н.О || но" || 
b. CH,CHCH + Br -->- CH4CHCH — PÀ CH3CHCH 
| Br OH 


О О 
с. H40* Br _ ОСН. 
+ Вг, —— СНзО 
O О О 
Qus Су OT AHO 
+ Вг. —— — > 


Го 


| В | 
а. CH,CH,CH,CCH,CH,CH, — L- CH,CH,CHCCH;CH;CH; 


О 
а. 

О 
Ь. 

О 
с. 

О 
d. 


3 


O 

Br 
O 

Br 
О * 

Br 
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Br 
tert-BuO* 
tert-BuOH 
|| 
CH;CH=CHCCH,CH,CH, 
бсн=сн 
tert-BuO- ( X 2 
- Н 
tert-BuO CH; 
О 
i | СМ 
C=N 
—_—_—_ 
O O 
tert-BuO_ "CEN 
tert-BuOH HCl 
C=N 
O O 
tert-BuO_ CH4SH 
tert-BuOH 
SCH; 
O O 
tert-BuO_ 1. (CH3)2CuLi 
tert-BuOH 2.H,0° 
СН; 
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12. 


13. Alkylation of an alpha carbon is ап Sy2 reaction. 5,2 reactions work best with primary alkyl 
halides because there is less steric hindrance in a primary alkyl halide than in a secondary alkyl 
halide. 5,2 reactions don't work at all with tertiary alkyl halides because they are the most 


sterically hindered of the alkyl halides. Therefore, in the case of tertiary alkyl halides, the 5,2 
reaction cannot compete with the E2 elimination reaction. 


14. 
i 
г || 
а. СН.ССН. 1. LDA/THF CH4CCH;CH;CH-CH, 
2.1СН;СН--СН, 
| МТВЕ | 
1. LD 
b. CH;CH,CCH,CH,;  —————— > CH,CHCCH,CH; 
2. (сни: CH; 
15. 


О N p Br 


_ catalytic 
a. = CH,CH,CH,Br # 
+ ( у ===> аи 
N 
H 


ного 


О 


CH,CH,CH, 
Ы 
( + \ 
N 


е“ - 
Н Н СІ 
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| O Oe 


N О 
| catalytic || | 
b. н" "US * an 
+ ( у — ве 
N 
H 
ноо 
о | 
CCH,CH, 
d 
б 
u^ ^H Cl 


П Й 
CH,CCH,CCH, HO 


__| || || = 
Ь. СН:ССН=СН, CH3CH,0CCH,COCH,CH, CH;CH,O 


OH Q а а он сна 
| 
а. СН;СН;СН;СН;СНСНСН © CHCH; —CHCCH,CH; 


CH, CH, О 
єн, CH; 
CH; 
oH 9 OH 
b. CH,CHCH,CH;CHCHCH d. ae 
CH; CH, 
CHCH; Э 
CH; 
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18. 
| T | | 
а. CH3CH,CH,CH b. CH3CCH, с. ( Yonda d. CH;CH;CCH CR. 
19. 
o Y Am Сон “Он 
СН;СН,СН === сн;снгсн ==  CH,CH-CH 
HB* | © 
Ni Сон 
СН;СН,Сн 
+ y^ 
он о 88 өн УФН Эв 
CH;CH;CHCHCH =; CH;CH;CHCHCH 
CH, CH; 
a 20. 
й: | a. Solved in the text. 
| о | О 
ин Tw H,SO, [ 
b. 2 CH;CH,CH == CH;CH;CHCHCH ү” CH3CH,CH=CCH 
| CH, CH; 
(нв 
P 
CH;CH;CHCHCH 
CH; 
О 
|| 


i | 
€ CH;CcH, LDA Сн,Ссн, -CHCH Br 


О 
| 
CH;CH;CH,CCH, 
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E OF Чү он P Н | 
| n CH;CH;CH;CHCHCH CHCH;CH;CH;CHCHCH CH;CH;CH;CHCHCH 
| CH, CH» СН; 

СН; СН; СН; 
он 0 СН; СН; 
CH,CH,CH,CH,CHCHCH 
сњ 
СН; 
он | QR m 
b. CH3CCH;CCH; CH3CH;C— CHCCH;CH; CHC—CHCCH;CH; 
CH; CH, CH; CH; CH, 
ФН ү s 
CH3CH;CCH;CCH; 
сњ, 
СН; 
OH OH OH 9 он 
с. CH;CH;CHCHCH Е CH3CH;CH 
CH; | CH; 
О * О 
OH О 
d. HOCH,CHCH CH,CH,CHCHCH 
CH, СН. 
major product minor product 


22. 


| | 
a. HCH + CH,CH,CCH,CH, 


add slowly 


HO || 
—> НО HGEGDH 


СН, 
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О (6 _ О 
li li HO | 
b. CH + CH,CCH, ———- CH=CHCCH=CH 


add slowly 
excess +20 
о О О 
с. ( у—сн + @ НО one nm 
2 
add slowly 
23. 
HÓ: 
У) 
HOF 500 
T i 
C-C C-C 
Де mw, ea гр 
НО O оо 
р. | 
i i 
| CeH,—CHCCH;-C Hs; |0  СеН5—СНСЕН-Сен; СН; c 
—— 
CgH5 —C-C-C4H; СН5--С- -C6H5 C 
| | CHL \> 
О + H,O 
| вон 
% О 
ыз, СН; C,H, CH; с; 
Н-О + =—— C 
6 
M СН: C,H; СН; ОН 
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П H nl 
а. CH,CH;CH;CCHCOCH; b. CH,CHCH;CCHCOCH;CH; 
CH CH, —CHCH, 
Сн; CH; 


An a-hydrogen has to be removed from the condensation product in order to drive the reaction 
toward completion. If the original ester had only one a-hydrogen, the condensation product 
would not have an a-hydrogen, so the reaction cannot be driven to completion. 


о CHO Ur 
2 снснбосн. C&O сн.сн—(— осн : 
34 3 n | з X 
CH, CH, CH, 


О О 
nil п П П Й П Ji 
а. СНЗСН:ССНСОСН CH3;CCH,COCH, CH,CH,CCH,COCH, сњсенсосњ 


CH; СН; 
| п? ü o 
b. (ев с. HCCHCOCH, 4. CH;CH;OCCHCOCHCH; 
сн; СН; 
% СН; 


Solved in the text. 


| 
CH;CH;COCH; 


|| || 
_ СЊСНСОСН COCH 
CH | 2: 3 3 
CH, Ino CH, ==” OCH, 
CH;CH;COCH; CH;CH;COCH, ©) 


+ CHOH | 


COCH; 
СЊО + СІ 
O 
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I 


29. 
| ОН ОН 
а 
b. 
| CCH, 
il О 
О 


30. Мо, because an intramolecular reaction would lead to a strained four-membered ring. Therefore. 


the intermolecular reaction will be preferred. 


о о О 

i [| 
CH;CCH,CCH, = DH 
CH, 


31. Solved in the text. 


32. 
(C pe: 
ТЕ 
О. O 
33. 
O О 
а 2 О 
£ => | | 
CH,CH; CH;CH; 


| | - 
CH,=CHCCH, and CH,CH;CH;CH I 


сн;сн; 
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2 ОН; 
IET CH 
О | О 
CH; CH, 
CH,—CHCCH,CH, and CH,CH D Д2 
О 
CH; 
CH; CH, 
š CoH; AL жан 
с. CH, 6115 
`. ==> 0 
сн; 
Н.С — 
Р 0 CH, 
СН; 
| i HO" 
CH,= т Hs and CH4CH;CC4H; TUE 
CH; H3C 
О 
H4 o E | О 
9. Ч ж ЊС~ 
===> 
О | О 0 
CH; CH; 


Q О нұс 0 
CH;—CHCCH,CH, + тұз но- 
А 
О О 
CH; 


a and d can be decarboxylated. 
b can't be decarboxylated, because it doesn't have a carboxyl group. 
The electrons left behind if c were decarboxylated cannot be delocalized onto an oxygen. 
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35. methyl bromide с. benzyl bromide 


. methyl bromide (twice) d. isobutyl bromide 


>в 


36. а. An Sn? reaction cannot be done on bromobenzene. (Section 10.8 of the text.) 


b. An 8қ2 reaction cannot be done on vinyl bromide. (Section 10.8 of the text.) 


с. Ап 5қ2 reaction cannot be done on a tertiary alkyl halide. (Only elimination occurs; Sectior 
11.8 of the text.) 


37. Solved in the text. 


38. a. ethyl bromide b. pentyl bromide с. benzyl bromide 


39. 
Lo TY [dis 
a. 
CONS wd SCR cum Ссн,сн,сн; 


на о 
| 
CCH;CH,CH; 
+ 
лат" СҮ 
не ^H 
i m à ° 
CH,0 г 
b. CH,OC(CH,),COCH; 25 СІ LC 22 CH 
2.CH3;CH,Br 
сосн; 
| COC 
| Ц i 
Hci| О 
=> н,о А - 
о 
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Г a | | 
с. СН 9 CHCH,CH СН--СНСН 
+ 
O” sh О" ey 
fiva із А220, МН. 
О + 
T 2. H30 О 
CHCH T 
e 
О : О _ СОСН» 
` || || 1. СНО | БИ СН»О 
d. CH,OCCH,COCH, ———3=——». CH,0CCHCOCH, === 
2. Ві(СН,)4Вг | СОСН; 
CH(CH,)3Br | 
HCl 
m 
O 
|| 
СОН 


40. Because the catalyst is hydroxide ion rather than an enzyme, four stereoisomers will be formed 


since two chirality centers are created in the product. One of the four is fructose. 


CH,OPO; CH,OPO; CH;OPG, 
с=0 (о 5-9 
—с— О СНОН „HOH СНОН 
Н С OH С —» і E Ua == | 
H CH = CHO CHOH 
3: - А н- он H-C—OH Н-С--ОН 
НО: - | & ! di 
" CH,OPG, CH,OPO, CH,OPO, 


41. Seven moles. The first two carbons in the fatty acid come from acetyl CoA. Each subsequent 
two-unit piece comes from malonyl CoA. Because this amounts to fourteen carbons for the 
synthesis of the 16-carbon fatty acid, seven moles of malonyl CoA are required. 
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used in the synthesis. 


b. Seven deuteriums would be incorporated into palmitic acid because seven "OOCCD»COSR 


are used in the synthesis (for a total of 14 D's), and each -OOCCD2COSR loses one 


i | 42. а. Three deuteriums would be incorporated into palmitic acid because only one CD3COSR is 
| deuterium in the dehydration step (14 D's - 7 D's = 7 D's). 


43. It tells you that an imine is formed as an intermediate. Because ап imine is formed, the only 
source of oxygen for acetone formation is Н,180. 


18 


NHR О :NHR NHR 
CTE П ү SA Ng | n | 


CH,C-CH,-C-0 —> СНС Сн, “2S сн,с—сн, 2€. сн;Ссн, 


+ CO, + НО + HjNR 


If decarboxylation occurred without imine formation, acetone would contain 160 and some 
180 from a hydration-dehydration equilibrium. 


со О ор 18 O 18 018 
i i |^ о ] 
скін Xo — сн, сн, № H9 ont 


——> CH4CCH, —*> сн.ссн, 
+ CO, 


44. 
|| || || || || 
а. CH,CCH,COCH,CH, є. RCCH,COR е CH,CH,CH,CH,COH 
Q 9 ОН 
b. HOCCHCOH d. e 
CH; 
45. 
о q | hf 
a. СОСН;СН; b. CH;CH;CH;CHCOH c. CH4CCH;CCH4 


Br 
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d. cnn à „боста 1. CHCH; l А у 
К N 
нон 
О О 
| ; 
e CH,CHCH;CH,COH + CO, св, 
CH, 
íi 9 к СВ оно 
f. ( у—©Сснбоснн, . : CCH, 
CH,CH=CH, 


The two compounds below are formed by a 
Robinson annulation of the above product. 


т. || 
CH, COCH,CH, 
ВОО 


46. The electron withdrawing nitro group will cause the signal to occur at a higher frequency (will 
have a larger chemical shift). The more acidic the hydrogen, the greater the chemical shift. 


CHNO, CH(NO2) СНО) 
6 4.33 5610 6 7.52 
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47. а. When the ketone enolizes, the chirality center is lost. 


When the enol reforms the ketone, it can form the К and 5 enantiomer equally as easi] 
racemic mixture is obtained. У, 80 


сн;сн; 


О О 
У {сен СН. == Да ж. 
| К енгі C—CH 
СН. | е | СНС) 


 (R)-2-methyl-1- 
phenyl-1-butanone 


T 


| 


b. You need a ketone that has an a-carbon that is an asymmetric carbon. Racemization will 
occur when an a-hydrogen is removed from the asymmetric carbon. If you don't want 
racemization to have to compete with removal of a hydrogen from a second a-carbon, it is 
best to chose a compound that can form only one enol. 


О 
| 
CH; 
48. 
|| НСІ, H | || НСІ 
аа а шы clas HU. CH,CCH,CCH, — = CH,C=CH 
С5Н8 Оз C | D 
1. CH,07 
2. CH3Br 
О но" 
|| HCl, H | SOCI | 
-— OE lem — CH,CH,COH ——3ÀX- CH,CH,C 
2 
СН; | Н excess I J 
к ЈЕ 
1. СНО“ Q 
2. СЊВг CH,CH,C 
|| үз I ec n H LH ч 
C |: 
ЗЕТЕ === сви ено |: 
CH; CH; 
К e i di 
CH;CH,CCHC 
L CH 
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О О О | 
1.CH,;CCH,COCH, 50, 
+ CH4O А 
2.HCl, Н,О, А 
О 
СН3СН›СН›СОСН» 
О 
CH;CCH; CH,CH,CH 
1 1. LDA/THF дина 
——————— 
О 2. CH3CH,CH,Br 
1. Bry, НзО" О "LLDA/THF 
либо | 
CH;COH + CH,07 б 
1 2 HCI, ЊО 
о O CH, 
и il О о 9 
1.CH,O0CCH,COCH) | 
i + HO COH 
2. HCl, НОО, A 


Notice that ће B-substituted compounds are prepared via an o f.-unsaturated ketone, which сап 
prepared in two different ways—either by dehydrohalogenation of a-bromocyclohexanone or by 
dehydration of o-hydroxycyclohexanone. 


У. Remember that there are no positively charged organic reactants, intermediates, or products in a 
basic solution, and no negatively charged organic reactants, intermediates, or products in an 
acidic solution. 


О ж О О О 
н s 


НО: . 
a oS Jem + HO 


Í; 


30 
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| 51. 


| T 
| a. CH NEN CHCH,COCCH, 
| + CH,COCCH, ——-= 
| EM 
Teils | 


|| Оо 
CH4COCCH; ШЕ! 
СН--СНСОССН; 
e + H,O 
тт D 
b СН--СНСОССН; СН--СНСОН О 
i Н2О T 
СТ > СІ + CH,COH 


79 OH О 
Сн оо Снснсос;н; 
S [ШИ | 
+ С›Н5ОССНСОС.Н; a (OCB; 
| О 
| ибн | 
оо 
|| || О 
C,H;OCCH,COC,H; [ 
сн=сСос;н; 
СТ сосн, 
O + H,O 


О 
T 
d. CH=CCOC;Hs | CH=CHCOH 
СТ I aas = - СТ + CO, + 2 CH4CH;OH 
О 


НИ 
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OH О 

| i | 
a. CH,CH;CH;CH + BrCH,COCH, Ie CH,CH,CH,CHCH,COCH, 
2 


OH 
| | T 
b. CH,CH;CH + CH,CH;CHCOCH, Tud CH,CH,CHCHCOCH, 
Br 2 CH,CH; 
H'| н.о 
excess 
$8 3 
CH,CH,CHCHCOH 
CH;CH; 
( он 0 
| | i oo | 
с. CH,CH;CH + CH,CHCOCH, 1 2%. CH,CH,CHCHCOCH, 
i 2. Н.О ] 
Вг CH; 
H'| н.о 
excess 
О н О 
ll н,50, i | 
CH;CH,CH=CHCOH -—— CH;CH;CHCHCOH 
CH; CH; 
i i т ОН | 
d. CH,CH;CCH;CH, + BrCH,CocH, 2-21 сн,сн,ссн,сосн, 
2. Н.О 
CH,CH, 


chloride, or propyl iodide). 


|| 
СН;ССН;СН;СН;СН; 
— 
This part comes from acetoacetic ester. 
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53. Тһе ketone is 2-hexanone. Therefore, the alkyl halide is a propyl halide (propyl bromide, propyl 
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54. 


CH4CH4CH;CH 
a. 1. LDA/THF каља 


2. CH4CH;CH;CH5Br 


1. ( ) catalytic 0 
N^ E 
H 


—— 
О 


q ; 
CCH,CH,CH, 


О 
Ф | | 
2. CH,;CH,CH,CCI 
3.H; H,O 
0 ? di 
T CCH,CH,CH; 
| | О 


|| 
2. CHCH;CH;CCI 


о D 
c. 1. LDA ОНО 
раа се 
[ | б 
|| 


2. СН,--СНССН; 
3. H,O 


О 
OCH,CH 
d. 1. LDA SU; 
oo 
6) 


T 

2. CH;CH,OCOCH,CH, 
excess 

3.H* 


0 | 
e. 1. LDA Би 
О 
= || 


2. HCOCH;CH, 


и ехсеѕѕ 
+ 
3. H 
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О 
H 
f. D ‚о | Н,50 А 
+ CH,—cHCCH, НО». = OO 
a Robinson 


annulation 


нін 
pee 


The positive iodoform test indicates that the compound with two singlets with a ratio of 3: lisa 
methyl ketone. 


3,3-Dimethyl-1-butyne will show two singlets with a ratio of 9 : 1, and when it adds water, it will 
form a methyl ketone with two singlets with a ratio of 3 : 1. 


СН; + CH; 0 
CH,CCeCH === CH,C—CCH; 
CH; 2 CH, 


2 singlets (9 : 1) 2 singlets (3:1) 


О : О 
| 1. CHO П Й 
a CHCH, ---2--»- СЊССЊСН 


| 
2. HCOCH, 


ехсе$$ 
з. H,O, H* 


П | 1.CH4CH;O И | 
b. CH;CCH,COCH,CH, — 375 CH;CCHCOCH,CH, 


jS: 
Br 
^ |на, H,O 
i 
CO, + CH,CH,OH + cucu] 


578 Chapter 19 


О 
| 
с. CCH;CH; + CCH=CH, 
Q mme ul 
E Hoo 
2. CH;CH,O CH;CH,OCCH,COCH,C 
CH,CH,O- 


D D 1 || 
CCH;CH;CH,COH а но CCH;CH;CCOCH;CH, 
e X 2 СТ Got 
O 
О O 
, М СН; 
|| || СНО СНзО | 
d. CH4CCH;CH;CH;COCH; — => CH; 
| Claisen СНз 
condensation О  (2equiv.) ме) 
О О О О 
|| 
e oy 1. Bry, H* o CH,;CCH,C=N О 
2. CH407 CH;0° 
C=N 
НСІ, H,O 
О А 
О 
+ СО» 
О 
i - П 
f. CH,CH,OCCH,CH,CH,CH,COCH,CH, CE: —COCH,CH; 
Claisen 
condensation 
apr. H,O 


О 


О 
i CH;CH;CH; 1. LDA/THF : 
< + CO, 
| 2. CH,CH,CH,Br 
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=O 


О 
1. CH4CH Са | il 
Bo CCH,CH, СІ CCH,CH, 
e AICI, сі 
2. H20 FeCl, 
СІ; (н. H,O 


О 
| | 
c CCHCH, сі ССНСН; 
| (CH44CNH, | 
+NH,C(CH;); 2—2 СІ 


СГ 


Synthesizing benzaldehyde from benzene would be easy if а one carbon acyl chloride could be 
used, but there is no such compound. The only way a single carbon can be placed on a benzene 
ring is via a Friedel-Crafts alkylation. 


[| 
CH,CCH, 
| LDA бе 4 
1. CH,CVAICI ls bondon, сн=снесн, 
———— св 
2. 2, NBS/peroxide + HO 
3. - 
4. но НО | 1, 
- excess Y excess 


O 


О 
|| | 
СН--СНСОСН,СН. = 
2723 |. soci, CH=CHCO 
-------- 
2. CH4CH;OH 


580 Chapter 19 


59. а. The first reaction is an intermolecular Claisen condensation. The base then removes а 
hydrogen from the a-carbon that has two a-hydrogens, and an intramolecular Claisen 
condensation occurs. 


О 
О 
ЖИ о во қы 
EtOCCH,CHCOEt ——3 ERN 
^ EtO COEt 
ЕО” ~ 
О о + EO О 
EIOCCH;CH;CORt | 
| О 
ЕОС 
ШО" + 
О 
b. The reaction involves two successive aldol condensations. | 
п 0 0 
СН SN 
CH rug 
o О О O 
+ H,O + H; 
60. 
9 | 0 excess С 
В 1. МН 
а. CH,CH,COH LR. FBR CH,CHCOH ———5 э. CH,CHCOH 
2. ЊО | 2.H40 NH; 
О О 
b see COCH;CI 
NH 
О — 
оо DE 
o ІШЕ СОСН;СІ 
2. CH3CH,OCCHCOCH,CH, о ЇЙ 
Br el 
H 
A 
на) 
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a can be prepared by removing an o-hydrogen from acetone with LDA and then adding 
formaldehyde, followed by dehydration. 


f он 


|| | 1 но || 
|| || 2294 
cH,CcH, 0А сн,Ссн, -НСЊ. сн,сн,ссн, > CH,—CHCCH, 


b can be prepared by removing an a-hydrogen from propionaldehyde with LDA and then slowly 
adding acetaldehyde, followed by dehydration. 


О О q OH 
ll LDA || СН.СН | l| Н;50, Hoc 
CH,CH,CH ——9 СН,СНСН proram CH,CHCHCH € CH;CH=CCH 
CH, CH, 


с can be prepared by removing an a-hydrogen from 3-hexanone with LDA and then adding 
formaldehyde, followed by dehydration. The yield is poor because 3-hexanone is an 
asymmetrical ketone therefore, two different a-carbanions are formed that lead to two different 


a,B-unsaturated ketones. 


| ОН 
1. HCH | 


| T | | | 
CH;CH,CCH,CH,CH, Бр. CH;CHCCH,CH,CH, — — CH,CHCCH,CH,CH, 
2.CH0H da 
[o^ 3 
н,50,| А 
| 
CH,CH,CCHCH,CH, | 
| í CH, в 
1. НСН |зснуон | | CH; 


+ 


| | H5S O, || Н | | + 
CECE ОСТА АТ Они он — СН 
CH,OH CH, |. CH; 


| 


|| 
H,O + EU LE. 
CH, 
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d can be prepared by removing an a-hydrogen from acetaldehyde with LDA and then slo 
adding acetone, followed by dehydration. 


D i | 1H 0 mso 0 
- 2 4 
сньсн PA енін === сњеснусн — CH,C=CHCH 
CH; СН; 


е cannot be prepared by а mixed aldol condensation. It can be prepared via an intramoleci 
aldol condensation using 5-oxooctanal, followed by dehydration. 


О 
О 
| ll IDA || "| 


6,50, | А 


О 


f cannot be prepared by a mixed aldol condensation. It can be prepared via an intramolecu 
aldol condensation using 1,7-heptanedial, followed by dehydration. 


O 
|| 


о О СН 
T ll IDA | dl N 
HCCH;CH;CH;CH;CH;CH —> HCCH,CH,CH,CH,CHCH —> 
- 


| 


|? в cannot be prepared by а mixed aldol condensation. А small amount of g can be formed v 
| an intramolecular aldol condensation using 7-oxooctanal, but this compound can form two 
1 different о-сагБапіопв that can react with a carbonyl group to form a six-membered ring. 


i Because an aldehyde is more reactive than a ketone, the desired compound will be formed 
| as а minor product. 


! minor product major product 
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Theoretically В can be prepared by a mixed aldol condensation. However, because of steric 
hindrance, the reaction of propanal with dimethylpropanal to form the desired product would be 
very slow. 


Ten 
o °з “н cemo о сн, о 
| IDA T CH | - | l| H5SO, | T 
СН;СН;СН == CH,CHCH —= = CH,C—CHCHCH — > CH,CCH-CCH 
CH, СН; CH, CH, 
i can be prepared was using propanal and 3,3-dimethylbutanal. 
Ln 
| ВО Pao фо 
CH,CH,CH 22. CH,CHCH — 8 CH;CCH;CHCHCH OT CH,CCH;CH-CCH 
opwise 
CH, CH, CH; CH; 


At low temperatures (— 78?), the proton will be more apt to be removed from the methyl group 
because its hydrogens are the most accessible and are slightly more acidic. 


О || О 
| 
С С 
“сн, LDA сн, : 
- 78° | Вг 
Вг < 


At higher temperatures (25°), the proton will be more apt to be removed from the more 
substituted a-carbon because in that way the more stable enolate is formed (the one with the 
more stable double bond). 


© 


О О СН 
N 3 
| | nd 


C. “Gy 
Ma КО 
Br 25° bru a 
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63. 
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The single equivalent of base removes the most acidic proton (from a carbon flanked by tw 
carbonyl groups), and alkylation takes place at that position. ae 


O : 
|| || СНО БИШ И | 
CH,CCH,COCH,CH, — > СН ССНСОСН,СН, ——» СН 
3CCH3 2СН; зе 2СНз CH;Br XC CHCOCH Cy, 
CH; 


The second equivalent of base removes a proton from the methyl group. Since the methyl 
is a weaker acid than the methylene group, the conjugate base of the methyl group is the stron 
base and alkylation takes place at that position. Ber 


_ оо 
NT 2 CH4O ell tl 
CH,CCH;COCH,CH, ——— CH,CCHCOCH,CH, о CH2CCHCOCH;CR, 
= = r = Е 

с 
| cmon 
П 
CH;CCH;COCH;CI 
CH; 
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a ompound that gives the ІН ММА spectrum is 4-phenyl-3-propen-2-one. The singlet at 2.3 
‚ The comp рпепу!-2-ргор 


ppm is the methyl group, the doublet at ~ 6.7 ppm and the doublet buried under the benzene ring 


protons are the hydrogens bonded to the sp? carbons. The compounds that would form this 
compound (via an aldol condensation) are benzaldehyde and acetone. 


О О О 
i i HG. i 
CH + CH3CCH5 —>^ CH=CHCCH, + H,O 


4-phenyl-3-buten-2-one 


The middle carbonyl group is hydrated because it is stabilized by the electron-withdrawing 
carbonyl groups on either side of it. 


О О 
| | 
о + H,NCHCO 2 мЈен- Сб 
| formation | - 
R ; 
О 


н AN 

+ HO H 

b Bod 
E ба. 


+ CO, 
OH О | 
© О 
роди 
О + H,O 
; О imine 
HQ: | wise е 
) О P О 
Н 
O 
N ча —————— 
imine INE. у 
formation || 
О 0 Q + RCH 
о” О 
P2209 + њу 
О О 


67. 


.. = O - о 
Ji HO: T 
CH;CHCCHCH, 5 


—> HO: 
| сњснсснсн, Um ice 
Br H < > 


И _ 
CHsCH;cHCO -—L 


О 
= || 
CHsCHCHCOH == 
CH, 


CH, 


68. 
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П П 1. СН;СН,О' 
а. CH3;CH,OCCH,COCH,CH, 


Пп Й 
LL —» CH;CH,OCCHCOCH,CH, 
2. Br(CH;)5Br | 
CH,CH,CH,CH,CH,Br 
[cnemo 
i i 
COH COCH;CH, 
НСІ, H,O 
OQ же СОСН;Сн; 
О 
i | .. 1. CHCH;O П Й 
b. CH,;CH,OCCH,COCH,CH, ва CH;CH,OCCHCOCH,CH, 
. DT r 
вс CH;CH;CH;CH;CH,Br 
malonic ester 
CH4CH;O 
И di 
сн;сн,осснсосн;сн; О 
= HCI, H0 T 
Po CH;CH;CH;CH;CH;CHCOCH;CH; 
M COCH;CH; 


| ii 
HOCCH,CH,CH,CH,CH,CH,CH,COH 
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72. а. Generally the carbonyl group is the group that is protonated, but this does not lead а 
productive reaction. 


The most obvious way to work out the mechanism leads to an unstable carbocation, since 
the positive chanrge is adjacent to an electron-withdrawing carbonyl group. 


6) О О 
нн + 
f m 
X, A ? carbocatio 


The following mechanism avoids the formation of the unstable carbocation. 


О A О О: A +0] 
jut | | њо H-OH 
59 —À 5 К —Á = 


О Ó 


| 
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b. The carbonyl group on the left is protonated because electron delocalization causes it to be 
more basic P the other carbonyl ae 


Hydroxide ion cannot be used in place of cyanide ion because the aldehydic hydrogen cannot be 
removed unless the electrons left behind can be delocalized onto an electronegative atom. The 
nitrogen of the cyano group serves that purpose. 


To arrive at the final product, three equivalents of malonyl thioester are needed. (See page 828 
in the text.) 


сн; 


i it i ot at m A" СООН 
CH.CSR + 3 “OCCH,CSR —> .CH,CCH;CCH,CCH,CSR —> 


In Chapter 25, you will see that malonyl thioester is synthesized from acety] thioester. So if the 
lichen is not fed unlabeled malony] thioester, its malony] thioester will also be labeled, and the 
product will have labels in the indicated positions. 


CH; 


ооо о 
ии | АМ «СООН 

CH3CCH;CCH;CCH;CSR —> 
HO * * OH 


ЈУ ‹ паргег 19 
75. 
Е оо О 
|| || СН;СН;О M il Н,С--О ! | 
сн;ссн;Сосн,сн, ———S= СНҘССНСОСН;СН, — == CHsCCHCocy 
CH,OH 
оо | 
Su i | сн,Сснбосн,сн, 9 9 
CH, CHCOCH,CH; CH4CCHCOCH,;CH, STET ORC Coo 
: H, СН;СН;О сн; сн, 
CH,CCHCOCH,CH, CH3¢CHCOCH,CH, 
оо оо 
| Сн; О 
н.с оно | 
COCH;CH, н COCH;CH; 
А + H,O + CO, + СН;СН, 
о О 
COCH;CH; 
O 
76. 
n N | | П 1 
1. 8 
CH;CH,OCCH,COCH,CH, l CHsCHO CH3CH,OCCHCOCH,CH, 
2. CH;CH,Br | 
CH,CH, 
1. СН;СН,0- 
2 CH3CHCH,CH,Br 
Е CH; 
CH;CH, 
HN [ AL 
ES CH;CH;CHCH,  HjNCNH, CH3CH,OCCCOCH,CH, 
| -—— À 
Q N О CH, CH4CH,O- СН;СН; ОСНО: 
A 


CH; 
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9 9 
|| || CH.CH,O |___| 
CH4CCH;COCH;CH, —— CH,CCHCOCH,CH, то е 


\ A "CH;CH; снб 


бн,сн, 
| |. 
Г | 
CCH; CCH, 
| rae aa 
" ! -——— CHCH : 
CH;CH,O +  CH,CH/ о So 53-52 О ((осн,сн; 
Br 
+ | 
Ó HO NO, $0” HO NO, 
H' ч ел 
СН;СН-СІ CH;CH;NH, 
1. М, 
2. H,/Pt 
CH;CH;CI CH,CH,NH, 


1. phthalimide anion 


2. НСІ,Н,О, A 
3. HO" 


JIU о партег 19 
75. 
= оо О 
ісі CHCHO | | H,C=0 i ft 
CH;CCH,COCH,CH, — а CH,CCHCOCH,CH, ——= CHsCCHCocy 
CH,OH 
оо | 
à 9 NNI cH. cHtocu,cu, _ 99 
CH; CHCOCH,CH; CH4CCHCOCH,CH, > 
Bi H, СН;СН;О CH, CH, 
CH,CCHCOCH,CH, CH;CCHCOCH;CH, 
оо оо 
| CH, О 
нс OH? | 
COCH,CH, |. COCH;CH; 
A + H,O + CO, + СН;СН, 
o О 
COCH;CH, 
О 
76. 
n [| 1. C - П Й 
сн;сн,оссњсосн,сн, l СНзСНО" CH3CH,OCCHCOCH,CH, 
2. СН;СН,Вг | 
CH,CH, 
1. CH,;CH,07 
2. CH;CHCH;CH;Br 
О CH; 
CH;CH, 
HN ] ии 
EH CH,CH,CHCH, HNCNH, CH;CH;0CCCOCHCH, 
SUNT TO CH, CH,CH,0- CH;CHj CH;CH;CHCH, 
A 


CH; 
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CH;CI CH,C=N 


2 
b. СЕМ eo - С 


H;CH;NH, 


or 


CH,C=N 


1. NaBH 
aBH, SOCI TEN, 
2. H0 * 
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| 
H,CH.NH, | H,CH,NHCCH, CH,CH,NHCCH; 


d. ô CCCL ca A а 
2 4 


NO, 
1. Sn/HCI 
2. HO 
| 
— Б CH,CH,NHCCH, CH,CH,NHÜCH; 
HCl 
дамо; 
> 
NH, 
se ^ 
i: НО 
CH,CH,NH, 
CH,CH,NH, CH,CH,NH, CH,CH,NH, 
e. _HNO3 1. Sn/HCl 
HO. но 
ој HCl 
NaNO, 
H,CH,NH, H,CH,OH CH,CH,N=N 


Э. = 2%, = 
ON - 
3. НУР! oF N=N 
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О О 
H; но, ~ КА T 
| = CHO CH,CH,CH,CCH=CH, 
О о 0 
SUN. 
CH;0 CH,CH,CH,CCH,CH; 


О 
CH, О не 
. о. 
ОН | T7 emo — 
СНО 
HO. 
— 
Y 
emo i e 
НӘ: СІ 
CH30 CH, O 
Mo EN. | 
Y) 
CHO 
HO b? + CHOH HQ: 


HO 
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The substituent in ibuprofen is placed on the ring by a Friedel-Crafts acylation reaction. 
A Friedel-Crafts reaction cannot be done in the synthesis of ketoprofen because the benzene 
rings are deactivated and deactivated rings cannot undergo Friedel-Crafts reactions. 


Е | 
CH,CH;O |съ,сно©оснусн, 
О 


| 
COCH;CH; 


2. CH4CH;O 3 а 
EU qw шшш 
CH, 2. CHI D 
Ж о 
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Chapter 19 Practice Test 


1. Rank the following compounds in order of decreasing acidity. (Label the most acidic #1.) 
|| || || || || 
CH;CCH,COCH, СН;ССН;ССН; CH4CCH4 
2. Give a structure for each of the following: 


a. the most stable enol tautomer of 2,4-pentanedione 


b. a f-keto ester 


| 3. Give the product of each of the following reactions. 


i d 
a. CH;CH,CCH,COH —Аы 


O 
|| Bro, HO 
b. CH4CH5CH;CH — M» 
|| y 
e 2 CH,CH,cH,cocH, -- 34. 


3 


6) 
|| __| IT НО“ 

d. CH,—CHCCH, +  CH,CCH,CCH, —— 

O 
А 1. Вг), НО” 
Я —-—> 

2. tert-BuO - 

О 

г 30” 


1. CH,;CH,O- 
— > 
2. CH;CH,CH,Br 
3. НС, HO, А 


|| || 
2. СН;СН;ОССН;СОСН,СН; 
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Give an example of each of the following: 


a. an aldol addition 

b. an aldol condensation 

c. a Claisen condensation 

d. a Dieckmann condensation 
e. a malonic ester synthesis 


f. an acetoacetic ester synthesis 


Give the products of the following crossed aldol addition: 


|| || ) 
CH,CHCH,CH,CH +  CH,CH,CH,CH,CH HO, 


CH, 
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More About Oxidation-Reduction Reactions 


Important Terms 


Baeyer-Villiger oxidation 


catalytic hydrogenation 


chemoselective reaction 


dissolving metal reduction 
enantioselective reaction 
epoxidation 


functional group 
interconversion 


glycol 
metal hydride reduction 


molozonide 


oxidation 


oxidation-reduction 
reaction 


oxidation state 


oxidative cleavage 


oxidizing agent 


ozonide 


ozonolysis 
peroxyacid 
redox reaction 


reducing agent 


oxidation of aldehydes or ketones with Н2О2 to form carboxylic acids о 
esters, respectively. 


addition of hydrogen to a double or triple bond in the presence of a met; 
catalyst. 


a reaction in which a reagent reacts with one functional group in prefere 
to another. 


a reduction using sodium or lithium metal dissolved in liquid ammonia. 
a reaction that forms an excess of one enantiomer. 
formation of an epoxide. 


a reaction that converts one functional group into another. 


a compound containing two or more OH groups. 
a reduction using a metal-containing reagent that delivers a hydride ion. 


an unstable intermediate containing a five-membered ring with three 
oxygens in a row that is formed from the reaction of an alkene with ozo 


loss of electrons by an atom or molecule. 


a reaction that involves the transfer of electrons from one atom or mole 
to another. 


the oxidation state of a carbon is given by the number of C—Z bonds, 
where 7, = oxygen, nitrogen, or halogen. 


an oxidation reaction that cleaves the reactant into two or more compot 


the compound that is reduced in a redox reaction as it oxidizes the othe 
compound. 


a five-membered ring compound formed as a result of rearrangement о 
molozonide. 


reaction of a carbon-carbon double or triple bond with ozone. 
a carboxylic acid with an OOH group instead of an OH group. 


an oxidation-reduction reaction. 


the compound that is oxdized in a redox reaction as it reduces the othe! 
compound. 


reduction 


Rosenmund reduction 


Swern oxidation 
Tollens test 


vicinal diol 
(vicinal glycol) 
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gain of electrons by an atom or molecule. 
the reduction of an acy] chloride to an aldehyde using H2/Lindlar catalyst. 


uses dimethyl sulfoxide, oxalyl chloride, and triethylamime to oxidize 
primary alcohols to aldehydes and secondary alcohols to ketones. 


a test to determine the presence of an aldehyde. A positive result is 
indicated by the formation of a silver mirror. 


a 1,2-diol. 


T! 
A | 600 Chapter 20 
Solutions to Problems 


| 
1 
| 
| 1. a. reduction с. oxidation e. reduction 
| 
| 
| 


b. neither d. oxidation f. neither 
| 2. 
|| 
а. CH,CH,CH,CH,CH,OH е. CHCH 
b. CH4CH;CH;CH;NH; f. СНҘСН;ОН 


с. СН;СН;СН,, 


d. noreaction h. ( Juca, 


3. A terminal alkyne cannot be reduced by Na, because Na donates an electron to the terminal sp 
carbon, causing a hydrogen atom to be removed. 


2 CH,C=CH + 2Ма —— 2CH,C=C™ + 2Na* + H, 


4. 
s 
a. Фи с. СН;СН;СНСН;СН; e. CH,CH,CH,NHCH,CH;, 
b. (о) -сњон d. ( Yomon f. CH;CH,CH,CH,OH 
+ CH4CH;OH 


5. Carbon-nitrogen double and triple bonds can be reduced by ПЛАТНА because the bonds are pol: 
The hydride ion will be attracted to the partially positively charged carbon. 


+ 8. 5+ ô- 


6. 
qH 
а СНСН; 
{ 
b. d nin 
7. a. solved in the text. 


О 
: | || 
а. 1. CH3;CH,CCH,CH, 


li 
2. CH,CH,CH,CH,COH 


|| 
b. 1. CH3CH,CCH,CH, 


|| 
2. CH3CH,CH,CH,CH 


CAT | 
>” 

А 
T 
КГ a 
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OH T 
я : -CH,COCH, 
OH 
d. СН;СН;ОН 
| + СН.ОН 
О 
| Zn(Hg) 
— 
HCI, А 
3. A tertiary alcohol is not = 
oxdized to a carbonyl compound. 


Пп [| | | 
4. CH;CCH,CCH,CH, 6. HOCCH,CH,COH 


О 
itt 
6. HCCH,CH,CH 


3. A tertiary alcohol is not 
oxdized to a carbonyl compound. 


п Й 
4. CH,;CCH,CCH,CH, 
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9. Chromic acid needs to be protonated to convert a poor leaving group (COH) into а good leaving 
group (H5O). The alcohol displaces water to form a protonated chromate ester, which loses а 
proton. The aldehyde is then formed in an elimination reaction. 


| H--OH H,0 
$C | i 
ee + 
[| ES S | 
Ó О «0H 
| К HO: y 
| CH3CH;CH;OH | 
| 


| О 
ЕЕ All 
EN CH;CH,CH=O + H,CrO,;  -«——— CHsCH,CH осе; -ОН 


| + [œ H O + 
| + HO н,б: H30 
10. — Solved in the text. 
| 11. 
| О 
|| || 
8 OCCH;CH; c. 0 е. CH,CH,CH,COH 
СН; 
i | о CH; 
ы Ди“ а. CH;CHCOCCH, f. noreaction 
СН; СН; 
12. а. cyclohexene b. 1-butene с. trans-2-pentene d. cis-2-pentene 
13. 


О 
CH,=CH 


The reaction forms a product with two new 
asymmetric carbons. Because only syn 
addition occurs, only two of the four 
possible stereoisomers are formed. 


15. 


16. 
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O о” 


|| /N - 
CH,O | 
a. CH,cH=cH, СООН сњен—ен, —À CH,CHCH,OCH, 


Ы 
OH 
CH,CHCH,OCH, 
ey SOH И 3 CH4MgBr 9 
b. CH,cH=cH, -ЕСООН сн,сн—Сн, == CH,CHCH,CH, 
2 
| 
OH 
CH,CHCH,CH, 


OH 
| H54CrO, | | 
с. CH4CHCH;C Н» — CH4CCH;CH5 


product of "b" 


The bromonium ion is much less stable than an epoxide, because the C—Br bond of a 
bromonium ion is a much weaker bond than the C—O bond of an epoxide, and a weaker 
bond is easier to break. 


The difference in the strength of the bonds can be understood by comparing the рКа of HBr (- 9) 
and the рКа of an alcohol such as CH3OH (15.5). Thus, HBr is a much stronger acid than 
СНЗОН, which means that Вг” is a much weaker base than "OCH3. Being a weaker base, Вг” 


shares its electrons less well (is a better leaving group). The difference in basicity is even greater 
than this when comparing the leaving group in a bromonium ion and an epoxide, because the 


leaving group in a bromonium ion is a neutral bromine, which is a weaker base than Br". 


The major product results from attack of the Grignard reagent on the less sterically hindered 
carbon of the epoxide (the one bonded to a hydrogen and to a methyl group). 
It will be easier to answer this question if you use molecular models. 


О T 
Н.С 29 = СН; 1; СН;МеВг но "С 
S 2. НзО" 4 XCHCH3; 
CH4CH; H СН;СН; 
5 
О CH; 
Н.С CH, 1. CHMgBr „© 
2. H40* CH3CH7 / wCH(CH3); 
CH;CH, H HO 
R 
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17. The addition of Br to an alkene is а stereoselective reaction because not all possible 
stereoisomers are formed: the trans-alkene forms the erythro pair of enantiomers, whereas the 
cis-alkene forms the threo pair of enantiomers. 

It is a stereospecific reaction because a cis-alkene leads to a different set of products than doe 
trans-alkene. 

It is not enantioselective, because if an asymmetric carbon is created, both enantiomers are 
obtained in equal amounts, and if two asymmetric carbons are created, two pairs of enantiome 
(or a meso form and a pair of enantiomers) are obtained. 


| | 18. 
| | єн, 
. | Н;ОН 
UNE а. CH,C—CHCH;CH, b. CX 2 
WEN. OH OH OH 
| l 19. а. Syn addition to the trans isomer forms the threo pair of enantiomers. (See Section 5.19) 
| | < н H, CH; т Ti 
| | e НО”. 
| | „с—с—=ОНн A Con or H OH H H 
| н/ ~ ја H H H | 
| HO CH; сн; он о 
] СН; СН; 
b. Syn addition to the cis isomer forms (һе erythro pair of enantiomers. In this case, the prodi 
is a meso compound because each asymmetric carbon is bonded to the same four substituei 
so only one stereoisomer is formed. ` 
: m CH; 
СН. OH 
N = Н ОН 
P RE й T H—|—oH 
у H' 
CH 
HO 3 CH, 
с. Syn addition to the cis isomer forms the erythro pair of enantiomers. 
2. СН. СН. 
N a и Ed H OH но—|-н 
«ССН + <... ог 
= H'/ N Ed. \ H H OH HO——H 
HO SIDES gee, СОН CH,CH, сн,сн; 


21. 
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d. Syn addition to the trans isomer forms the threo pair of enantiomers. 


Сн, H H, „СНз CH; CH; 
D m эш Jus c P H—|—oH н H 
HO CHCH; СН;СН, OH H H H OH 


CH,CH; CH,CH, 


The fact that only one ketone is obtained means that the alkene must be symmetrical. 


The cyclic ketone that is obtained is 
(= 


Therefore, the alkene is 


a. The compound on the left is more reactive because when the bulky tert-butyl group is in the 
more stable equatorial position, the two OH groups are in equatorial positions. In the 
other compound, the two OH groups are in axial positions and, therefore, are too far away 
one another to form the cyclic intermediate. Р 


ОН 
= ОН 
ШТ ОН 
оч (CH3)3C 
(CH3)3C 
more reactive 
^ „ОН ОН 
Y "oH 
z CH4AC 
(СНС (CHa) OH 


less reactive 
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b. The compound on the right is more reactive because when the bulky tert-butyl group is in tl 
more stable equatorial position, the two OH groups are in equatorial positions. In the Other 
compound, the two OH groups are in axial positions and, therefore, cannot form the cyclic 
intermediate. . OH 

„ОН 


ОН 
(OU (CH3)3C OH 
35 


less reactive 


„OH 
Ch Lon 
OH i: 


(CH3)3C 


(СНС 
more reactive 


22. | Апу alkene that forms two ketones when it is cleaved will form the same products when the 
ozonide is worked up under reducing conditions as it forms when it is worked up under oxi 


conditions. In other words, each sp? carbon must be bonded to two alkyl groups. 


CH 
А „СН2СВз 
“ 
сн/ СН; 
23. 
i | | 
1. a. CH,CH;CH;CCH, + СН.СН 4. а. HCH + [= 
i i i 
b. CH;CH,CH,CCH, + CH4COH b. HCOH + (7-9 
|| || ; || 
2. а. НСН + CH4CH;CH4CH;CH 5. a. СН;СН;СН;СН 
О О (2 equivalents) 
|| || O 
b. НСОН + CH,CH,CH,CH,COH || 
b. CH,;CH,CH,COH 
(2 equivalents) 
О 
|| || | | || || 
3. a. CH,CCH,CH,CH,CH 6. a. СЊС—СН + НССН,СН,СН 


T i | | | | 
b. CH,;CCH,CH,CH,COH b. CHC—COH + HOCCH,CH,COH 
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а. 
CH3, 


сн CH, 
2,3-dimethyl-2-butene 


b. CH3;CH,CH), НЫ; CH3CH,CH), H 
C=C C=C 
EN or Á N 
H H H CH;CH;CH; 
cis-A-octene trans-A-octene 


25.  Solvedin the text. 
26.  Itdoes not tell you whether the double bond has the cis or the trans configuration. 


7.  Solvedin the text. 
a. f 1. bey =. o 
— > 
" 2 Za Hx HO И 
О 
О ОН 
b. H I A СМЕ p 
E 2. 0" 
О ОН 


со, 


и 29, 


a. { у—с=сн b. CH4CH;C =CCH,CH,CH,C=CCH,CH, 
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30. 
а. қ KMnO,, НО" 
4 НО” H,CrO, | #20, cold CX 
| Вг OH О x 
BEP (dis Cdp] (Od. GN 
| 2. NaHSO,, H,O 
O 
нв / Җи jj a c 
1. NaBH, 1. RCOOH | 
2. H,O 2. HO” “с 
| 31. 


H,C=O : T 
1. СН.СН.Вг Ae CH4CH;MgBr —— 5 снұсн,сн,б Ho. CH;CH,CH,( 
2 


О 
со ПО LLiAI 
2. CH,CH,Br === CH,CH,MgBr Mx снснсо А9. CH,CH,CH, 
2 3 
О 
"CEN H40* 
1. LiAIH, 
Or о 2” CH4CH4CE 
ОН, HO | 7? 


ВА CH4CH;CO^ 


пр 


CEN _ Н 
b. СН;СН;Вг — CH,CH,C=N "T CH3CH,CH,N Н, 


tert-BuO. 1. Оз 
с. СН;СН-СН;Вг Misi СН;СН--СН, Qe cde 


2. Zn, Н-О 


CH4CH-—O Lg CH,CH. 
2 


б, "Nickel z 


Chapter 20 


О 
i CH 
b. Br Mg MgBr | CH,CH а 
Б — > 
БО Е OH 


© oe Br tert-BuO 
—> 
A bulky base is used 


1 to encourage elimination. 


33. aldehyde acyl halide 
carboxylic acid acid anhydride 
ester alkene 
2 
34. а. oxidized c. reduced e. oxidized 


Z NE 


d. oxidized f. oxidized 


. reduced 


alkyl halide 
ether 
epoxide 


g. reduced 
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35. 
|| 
а. CH4CH;CH;CH,COH К. СН3СН›;СН, Ж 
oxidation =C 
/ \ 
O H CH; 
b. (У + CO reduction 
2 
oxidation 9 9 
€ СН;СН;СН;СН,ОН reduction І. СН;СН,СН,СОН + CH 3COH 
| Pad oxidation 
| E d. CH,CH;CH,CH,OH 
+ | Formation of the aldehyde after steps l and2 m. (5 сонын, 
| | is neither oxidation or reduction. reduction 
|. | Formation of the alcohol after Steps 3and 4 
| is a reduction. q | 
ГОН 9 n. C + HCH 
|| € СН;СН,СН oxidation oxidation 
|| f. CH,CH;CH;CH;NHCH, o. 
ІН reduction - 
ІЗ О oxidation 
| || 
| 8. Ди“ oxidation H CH, HC H 
CH; 
| P. oxidation 
CH,OH + CH4CHOH 
генов 
OHOH 
i нс, Q H О CH, Q о 
БИ No H _ Ун ч. соссн,сн,сн,сн,О 
| сь asics oxidation 
hn 
j. (5 оңқон ЕТЕТІН г. НОССН,СОН oxidation 
36. 


О 
| H5CrO, || 
CH;CH;CH;CH ----»- CH,CH,CH,COH 


e 


H;CrO, ! 
b. CH,CH;CH;CH;0H —— cH,CH,CH,COH 
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H;CrO, i 
r 
с. CH;CH,CH,CH,Br -НО сн,сн,сн,сн,он ———9 CH,CH,CH,COH 


1. BH H,CrO, || 
d. CH;CH,CH=CH, iai Sandal: зы CH;CH,CH,CH,OH ——»- CH;CH,CH,COH 
2. HO, H,0, 
37. 
T T | 
1. НЕ CCH; С=сне—( 7 
e АС, СТ HO 
2. Н2О B 
A 1. CH3MgBr 
2. H,0° 
СН. OH 
CH; 
| A C=CHC 
C=CHC — | 
|| CH; 
CH, 
С 
1. 03, -78 °C 
2. НО, 
CH; | 
С--О i 
О 
Е Е G 
38. 
a. а с. 9. ( X= oncon, 
CH, 
b. 
xX в 


CH,CH, " CO 
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39. 
1. ВНз 
a. СН;СН,СН--СН, - CH4CH;CH;CH;OH 
2. H905, HO 
һо 
А 
|| KMnQ, 
2 СН.СОН -——— CH;CH=CHCH, + H,O 
Н;50, 
А 
М 1 
b. СН:СН,Вг — Вы 
3 2DT ЕБО CH4CH;MgBr 20” CH;CH,CH,CH,OH 
рес 
| || 
| CH4CH;CH;,CH 
: Br OH 
| | һу + 
| substitution product ^ elimination product 
кмпо јао, 
О 
|| ji 
+ HOCCH;CH;CH;CH,COH 
40. 
1. NH H H | Н 
а. HC=CCH,CH, ———%- cH,ceccu,cu, 2, ee 
2. CH3Br Lindlar =C 


catalyst CH4/ 


1. NH2 Na 
b. НС=ССН.СН. — СН;С-еССН;СН; > 
2. CH3Br МН; 


41. 


|| || 
а. 1. CH4CCH;CH;CH;CH;CH;COH b. 


EN | 
2. HOCCHCH,CH,CH,CH,COH 


Chapter 20 
Н СН-СН 
N pore 


сн ^u 


|| 
НЕН 


CH o 
T T 
3. CO, + HOCCCH;CH;CH;CH;COH 
О О 
[| T || || 
4. CO, + HOCCCH,COH + HOCCH,COH 
O 
O 
и | ІІ 
5. CO, + HOCCH,CCH,COH + НОС-СОН 
42. 
а. ФЕ RCOOH ek One 
b. Na,Cr,0 a i 
А I? 
RCOOH 
ep ГО и #50, cr 
с. 0 1. МаВН 
Q ШӨ i & аши! — 
2.Zn, НО Zn, Н,О 40 
Br 
d. NBS A 1. Оз 
— d 
тела 2. H20, 
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{ 
[ 
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43. Because the compound is produced аз a result of ozonolysis of an alkene under oxidizin 
conditions, it must be a ketone or a carboxylic acid. Since there is no signal for an OH group. 
compound must be a ketone. The NMR spectrum shows two signals with splitting that is 
characteristic of an ethyl group. Therefore, the compound produced as a result of ozonolysis 
must be 3-pentanone. The alkene that underwent ozonolysis, therefore, must be 3,4-diethy].: 


hexene. 
сн;сн,, „СН2СНз 
сн.сн/ “сн»сн, 
3,4-diethyl-3-hexene 
44. 
| 9 9 
|| 
1 а CCH; 0 OCCH, 9 OH 
АСЫ RCOOH HG, cucon + 
2.Н.О H,O 
C 
A B D 


SOCI 
Bia [rens 
[| i 
114 
CH,CHNH, HAE, CH4CNH, BRUT СН+СС1 он | 
Жы "OQ 
H + 
қ | Вг 
| Ж M 


CHI [sco 


excess 
CH, . CH CH 
+l Ар20 " у А | 
CH;CH;NCH; Se CH;CH;NCH; —> е + CH=CH, 
у Cb Г к СНз HO СН; М 
L по рњо 
| 
НСОН 
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The rate-determining step in the chromic acid oxidation of an alcohol is the E2 elimination 
reaction of the chromate ester. 2-Propanol is oxidized more rapidly than 2-deuterio-2-propanol 
because it is easier to break the carbon-hydrogen bond than the carbon-deuterium bond. 


CH, „О CH, „О 
А А 
CH ETO CrOH CH CTO CrOH 
H О D О 
H,0: H,0: 
OH 
CH,.C=CHCH,CH Иен 1. BH; | | 
3C= ,CH;CCH, -- 773 >  CH,CHCHCH,CH,CCH, 
C 2. HO, H,O, 
3 CH; ше” 
Н,50, 
2 
О О 
О 
Н:50, ч = CH,CHCCH;CH;CCH; 
A 2 
CH 
CH,CH CH,CH : 
СН; CH; 
1. CH;MgBr 
2. H40* 
HO CH, 
CHCH 
CH, 


О 
ll юсю i SOC i 
a. CH;CH,CH -— 5  CH,CH;,COH D CH4CH4CCI 


NS. NaBH, 2.Н,0 сисненон| 


T | 
CH,CH,COCH,CH,CH; 
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О OH 
|_| 1.CH,CH MgB 
b. CHCH;CH;CH;0H C. Cu. CH CH, CH SFO CHCH,CH CHCH 
. 2 > 
H;CrO, | 
Е № Q 


OH м Вг МНСН, 
e тз ы CH4NH, a 
О ( 
1. E ме EU - носсн CH | 
| > 1. CH Н,5 PUN i 
| (C ieu SUA Суў —3- 2.н.5. HOCCH,CH,CH,CE 
и 


48. 
CH,CH;C—CH, 
CH, 


49, A cyclic intermediate is formed when НІОд cleaves а 1,2-diol. It is easier t 
intermediate if the two OH groups are on the same side of the molecule. 
Therefore, A is cleaved more easily because it is a cis diol, while B is a trans diol. 


о form a cyclic 


50. 


c | О 
—CH 1. disiamyl- CHCH CH,COH 
borane №а,Сг,О 
— э 212 Ё 
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О он о 
| ; iil 
a. CH;CH,CH,OH EG. сн,сн,Сн XOT — CH.CH,CHCHCH 
2 
CH, 
A но, 


Н i 
CH;CH,CH,CHCH,OH — CH3CH,CH=CCH 


CH, СҢ; 

Na,Cr,0 1 - D 
b. CH,CHOH dor» cH,ccH, HO CH;CCH;CCH, 

2594 
CH; CH; 
1. NaBH, 
2. H,0° 
'H 

CH,;C=CHCH=CH, OH OH 

он, | Н,80, | 

CEBCHCHOCH;CHS UG СН; = CH;CCH;CHCH, 
CH; CH)=CCH=CHCH; CH, 
| СН; 
О OH О ОН 
РСС | 1. LDA/THF | l| 1, NaBH, | 
2. СН.СН 
Na,Cr,0, | 
CH4CHOH CH;CCHj|HCI 
[ H,SO, 
CH; 
о. 
О О 


тр 
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52. 


53. 


54. 
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The compound is either 4-octyne or 2,5-dimethyl-3-hexyne. 


CH, CH, 
CH4CH;CH;CECCH;,CH;CH, СН.СНС=ССНСН, 
4-octyne 2,5-dimethyl-3-hexyne 


Because oxidative cleavage formed only one four-carbon carboxylic acid, you know the 
compound is either a symmetrical eight-carbon alkene or a symmetrical eight-carbon alkyne, 
Therefore, the compound has a molecular formula of С8Н14 ог CgH,g and, consequently, а 
molecular weight of 110 or 112. 


0.5 g of the hydrocarbon was hydrogenated; this corresponds to 0.0045 mol (0.5/112 = 0.0045, 
0.5/110 = 0.0045). The key here is to remember from general chemistry that 1 mol of a gas has 
volume of 22.4 liters at standard temperature and pressure. Knowing this, it can be calculated 
that 0.0045 mol of Hz = 100 mL Hp. Since about 200 mL of Но were consumed, the compound 
must have two л bonds. Thus, the unknown compound is an alkyne. 


a. None was successful. 


|| || 
b. 1. CH3CH,CCH; + CH,COH 2. noreaction 3. 


Н.С OH 
с. 1. 1. КМпО,, НО, соја 2 1. МАЈН, 3. 1. KMnO,, НО; cold 
2. ЊО 2.H40* 2. ЊО 
tor or 
1.0s0, : í 1.050, 
2. H0; 2. H505 


The absorption bands at 1600 ст-1, 1500 cm-l, and > 3000 cm! in the IR spectrum indicate the 
compound has a benzene ring. The absorption band 2250 ст-! indicates the compound has a 


triple bond, and the absence of an absorption band 3200 cm! tells you that it is not a terminal 
alkyne. 


The two triplets and the multiplet in the !H NMR spectrum indicate a propyl group. 


Compound À is 1-phenyl-1-propyne and compound B is propylbenzene. 


Н; 
С \—caccn, ---»- CH,CH,CH, 
Pd/C 


A B 


55. 


56. 


57. 


Diane has enough information to identify diols A, 
distinguish between diols B and D. 
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C, E, and F, but not enough information to 


Only the 4th compound will form two products upon cleavage with periodic acid. So it 


must be F. 


The 15! and sth compounds will not react with periodic acid. Because the 154 compound 
is optically inactive and the 5th compound is optically active, the 154 compound must be 


C and the 5th compound must be E. 


The 3rd compound is the only optically ac 
periodic acid. Therefore, it must be A. 


tive compound that forms one compound with 


Diane could distinguish between B and D if she analyzed the products obtained from the reaction 


of B and D with periodic acid. B will form acetal 
form propanal (a 3-carbon aldehyde). 
1 2 


H 3 
CH, BorD A 
С 
us H, 
CH;—CHCH,OH 


3 4 5 
CH; CH; CH, CH; сн; 
н— он Н OH H OH H OH н- он Н OH 
CH, H OH HO H H H CH, H OH 
on CH CH; H 


dehyde (a 2-carbon aldehyde), while D will 


6 
CH;CH; 


CHCH; о-н CH,CH, 


F CH; BorD 
E 


KMnO, 


|| 
СН;СН-СН,ОН Eso. CHCH, COH 
| % 4 


Н, 
|590; 


CH,CH,COCH,CH,CH, CHCH CHOH CH,CH,CC! 


OH 
| | 
CH,CHCHCH, CH;CCHCH; CH;—CCH;CH; CH;C=CHCH, 
CH; CH; CH, CH; 
A в. C D 
|| || || 
сн;Ссн,сн, сн;Ссн; СН.СОН 
Е Е G 
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58. 


Н.С CH, 


59. а. (2К,35)-Тапапс acid is a meso compound. It will be formed by syn addition to the cis isome 
Syn addition of two OH groups can be carried out using a cold, basic solution of potassium 
permanganate or using osmium tetroxide followed by an aqueous solution of sodium bisulfi 


CO 
HOOC COOH 2 НООС H 
= НОНО» о. „с —СООН ог 
/ \ н"/ N 
А Е HO on CO! 


(2R,3S)-tartaric acid 


b. (2R,3S)-Tartaric acid can also be formed by anti addition to the trans isomer. Anti addition o 
two OH groups can be carried out by first forming an epoxide and then treating the epoxide 
with an aqueous solution of hydroxide. 


О СООН 
НООС H | HOOC H OH 
N / 1. RCOOH = 
С==< ----->- “С--С-“СООН or 
не N 2. HO, H,O H"/ \ H OH 
COOH HÓ OH COOH 
(2R,3S)-tartaric acid 


c. (2R,3R)-Tartaric acid and (25,3S)-tartaric acid are the threo isomers. They will be formed by 
anti addition to the cis isomer. . 


О 
HOO: COOH | HOOK H H, 
Messe 1. RCOOH сон , Но. 
Z жай 2. = н"/ \ \ 
H Ха НО”, HO Té 6558 ood | 
(2R,3R)-tartaric acid (28,35)-tartaric : 
or 
COOH COOH 
ЕЕ H OH . HO—+—H 
M HO H H OH 
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d. The threo isomers can also be formed by syn addition to the trans isomer. 


HOOG, H E HOO H H, ‚СООН 
c=ç KMnO, HO , HO 'C—c-OH , НО é. 
/ н" N NH 
H COOH HÓ COOH HOOC OH 
(2R,3R)-tartaric acid (2S,3S)-tartaric acid 
or 
COOH COOH 
H OH к HO—+—H 
H H H OH 
COOH COOH 
60. 
CH, єн) СН; TH E 
Br “ч 
А В С Вг 
+ 
,_ | ВВутне m CH; CH; 
.H305, HO 
1.04 ou HBr Br 
CH; 2. Zn, НО 
Qt Я | 
О О 1.Mg, БО 
OH i i ро? 
Е CH3CCH,CH,CH,CH,CH Т 
E I 
воо, CH, 
“н (нс, CH,CH,OH 
ты! i 
“> CH,CCH,CH,CH,CH,COH 
н на у © J 
CH, 
(зоа, 
OCH;CH, |сн;сн,мн, 9 о 
с ОСНСН; СН;ССН,СН,СН,СН,ССІ 


K 
CH,OH . 
- o тт, 
NCH,CH; 
H 


| | 
CH4CCH;CH;CH;CH;COCH,; 


L 
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61. 
Pr 
1.0 
а. CH,CHCH; = CH;CCH; HOS. CH,C—CH, = 7 3 CH; CH, 
CH; CH; У 


b. Note that 2-bromopropane (obtained from the first step) is divided into two portions; 
one portion is used to form propene, and the other is used to form the Grignard reagent. 


Br Ж 
CH,CH;CH, ——» CH;CHCH; -Н%. сн,сн-сн, 


hv 
BE 1.04 
маво 2. Zn, НО 
а 
CH,CHCH; + CHCH --»- CH,CHCHCH, 
MgBr CH; 
нода 
сн,сн=ссн, 
CH; 
О 
Вг 1. CH,CH ТН 
с. CH,CH;CH, —» cH,CHCH, МА. сн,снсн, LOBH сн cHcHcH 
3 Y EV 3¢ mz 3¢ 3 T 3 3 
Br. s MgBr ^ CH, 
Na,Cr,0, 
HSO, 
[ 
CH;CHCCH, 
CH; 
О 


Вг 1. VAAN 
d. CH4CH; > CH3CH,Br -Mg. CH4CH;MgBr ———» СН;СН;СН;СН;ОН 
у ЕБО 2.H' 


|в Тз 


Q 
i 1.0 ; | 
CH,CH,CH + нін а CH,CH,CH=cH, © CH,CH,CH,CH,Br 
.Zn, H, 
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The ethylene oxide needed for the reaction can be obtained from some of the bromoethane 


prepared in the first step. 
О 
J RCOOH О 
сн,сн,вг -EO сн,-сн, “Se /\ 


62. 
0 | 
CH,CH,CH,CH—-O 1—0 уон, ——>= СН;СН,СН;СН 
NM 
i О 
+ ...- 
(CH;).S—Q: 
DMSO 
63. 
CH; 
a. - b. OL 
64. | 
О: О :0: 0 О: О 
CT n ST Odi Де 
СІ--С-С-Сі ——» дус-с-а — с eU 
A a 0: 
CH3—S —CH; СН;-8-СН; СН;-5-СН; 
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65. 


Вг ОН 
b B У O 
С) —-— ‚| 1. СН.СОО CY Na;Cr;0; 
—— 
2.НС1, HO 8250, 
О 
| ии gp | 
2. Zn, Н-О 
Ó 
1. NaBH, ОН a SO SE 
d. 2914 1. Br 
EEG H40* A 2.Н,0 “в 
r 


Br Ж ОН 
f. НО” 1.КМпО,, HO, cold 
—— А >= 
2. ЊО 
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6. Three structures (A, B, C) fit the data given. Terpineol is actually С. 
А В С 


CH; CH, CH, CH, 
H, 
E ———— 
Pd/C 
CH CH CH CH OH OH 
3 3 o` 3 
OH ° ОН CHS сн; СНУ “сн, 


vA HS ОДА 
"с ас 


CH, 
(6 
но, N 
+ 
/ 
Zinio Zn, DOT нс” “сн, 
О 


67. The fact that the HO substituent ends up on the least substituted sp2 carbon of the double bond 
indicates that oxygen is the first species to add to the.double bond. That H2072 is one of the 
reagents suggests that the alkene reacts with H2072, forming an epoxide. Вг” attacks the epoxide 
from the backside with the result that the OH and Br substituents form an anti addition product. 
The fact that Вг” attacks the most substituted carbon of the epoxide suggests that there is an acid 

catalyst at the surface of the enzyme that causes the epoxide to open to give the more stable 

partial carbocation. 
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hapter 20 Practice Test 


Indicate whether each of the following reactions is an oxidation, a reduction, or neither: 


OH 
| | 
a. CH,CH,CCH, ---- CH,CH,CHCH, 


li | 
b. CH,CHCH -->- СН;СН;СОН 


Give the product of each of the following reactions, ог if no reaction will occur, SO state: 


Na,Cr,O 
CH;CH,CH,CH,OH — S) 
H,SO, 


Р 


T ; 
CH,CH,CH,COCH, == 
t 


>. 


О 
|| . Li 
CH;CH,CNHCH,cH, МАН 


. 2. HO 
= Pt 
d. {_У—сн=сиси, + Н, — 


| ШЕ 
CH3;CH,CH,CH,CH + RCOOH --->- 


о 


Ф 


О 


| Li 
f. С осын, cH 
2. H40* 


i 
CH;CH;CH,CCH,CH, авн, 
2. H,0 


qs 


CH; | | 


СН;СН;СН;С--СНСН,СН; Қы 


2. H20, 


B 
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Which of the following reagents cannot be used to convert an aldehyde into an alcohol? 


HjPt 1. NaBH, 1. ШАІН, 1. Ag,O/NH3 Н, /Raney Nickel 
2.H40* 2. H0* 2. 60" 


Two alkenes, when treated with ozone and then with (CH3)2S, both form only the ketone shown 
below. Identify the alkenes. 


|| 
СЊСЊССНа 


Indicate whether each of the following statements is true ог false: 

a. NaBH; is a weaker reducing agent than LiAIH4. 

b. Esters are easier to reduce than ketones. 

c. In an oxidation-reduction reaction the oxidizing agent is oxidized. 
d. Ketones are reduced to primary alcohols. 

e. Aldehydes are oxidized to carboxylic acids. 


f. Acyl halides are oxidized to aldehydes. 


м Hd Hd HH nH vA = 
мт т ттт 


в. Alkenes cannot be reduced with МаВН4. 


Describe how the following compound can be prepared from the given starting material: 


CHCH CHCH, — ээ CHCH CCH, 


Which pair of reagents could be used to carry out the following reaction? 
CH; о 


| 
CH,C—CHCH, ---»- СН.ССН, + CH,CH 
a. 1.03 2.Zn НО and 1.03 2.Н202 


b. 1.OsO4 2. Н202 апа КМпО4/Н+ 


с. 1. Оз 2. Zn, #20 апа 1. Оз 2. (СНз)28 
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More About Amines * Heterocyclic Compounds 


Important Terms 
alkaloid 


Cope elimination reaction 


corrin ring system 


deamination 


exhaustive methylation 


furan 


heteroatom 


heterocyclic compound 
(heterocycle) 


Hofmann elimination 
(anti-Zaitsev elimination) 


Hofmann elimination 
reaction 


imidazole 


iron protoporphyrin IX 
ligation 
natural product 


phase transfer catalysis 


phase transfer catalyst 
porphyrin ring system 
protoporphyrin IX 


purine 


à natural product with a nitrogen heteroatom found in the leaves, bark, or 
seeds of plants. 


elimination from an amine oxide. 


the ring system found in vitamin B. It is similar to the porphyrin ring 
system, but one of the methine bridges of the porphyrin ring System is 
missing. 

loss of ammonia. 


reaction of an amine with excess methyl iodide, resulting in the formation 
of a quaternary ammonium iodide. 


a five-membered ring aromatic compound containing an oxygen 
heteroatom. 


an atom other than a carbon atom or a hydrogen atom. 


a cyclic compound in which one or more of the atoms of the ring are 
heteroatoms. 


a hydrogen is removed from the В-сагбоп bonded to the most hydrogens. 
elimination of a proton and a tertiary amine from a quaternary ammonium 
hydroxide. 


a five-membered ring compound with two nitrogen heteroatoms and two 
double bonds. 


the porphyrin ring system of heme ligated to an iron atom. 

sharing of nonbonded electrons with a metal. 

a product synthesized in nature. 

catalysis of a reaction by providing a way to bring a polar reagent into a 
nonpolar phase so that the reaction between a polar and a nonpolar 
compound can occur. 

a compound that carries a polar reagent into a nonpolar phase. 


consists of four pyrrole rings joined by one carbon bridge. 


the porphyrin ring system of heme. 


a pyrimidine ring fused to an imidazole ring. 


quaternary ammonium ion 


reductive amination 


saturated heterocycle 


thiophene 
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a benzene ring with nitrogens at the 1- and 3-positions. 


a five-membered ring aromatic compound containing a nitrogen 
heteroatom. 


a cation containing a nitrogen bonded to four alkyl groups (R4N*). 


the reaction of an aldehyde or a ketone with ammonia or with a primary 
amine in the presence of a reducing agent (H2/Raney Ni). 


a heterocyclic compound with no double bonds. 


а five-membered ring aromatic compound containing a sulfur 
heteroatom. 
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Solutions to Problems 


1. a. 2,2-dimethylaziridine d. 2-methylthiacyclopropane 
' b. 4-ethylpiperidine e. 2,3-dimethyltetrahydrofuran 
| с. 3-methylazacyclobutane f. 2-ethyloxacyclobutane 
2. The electron-withdrawing oxygen atom of morpholine stabilizes the conjugate base, making 


protonated morpholine the stronger acid. 
o О 
LU =) (1-0 
+ + 
М, N М N 
H H H H H H 


pKa = 9.28 morpholine рКа = 11.12 piperidine 


д 


b. The conjugate acid of 3-quinuclidinone has a lower рКа than the conjugate acid of 


morpholine (pK, = 9.28) because the electron-withdrawing oxygen atom in 3-quinuclidinone 
is closer to the nitrogen atom. 


conjugate acid conjugate acid 
of 3-quinuclidinone of morpholine 


c. The conjugate acid of 3-chloroquinuclidine has a lower рКа than the conjugate acid of 


3-bromoquinuclidine because chlorine is more electronegative than bromine. This means that 
3-bromoquinuclidine is a stronger base than 3-chloroquinuclidine. 


Cl Br 
Де BE 
/ / 
H H 


conjugate acid conjugate acid 
of 3-chloroquinuclidine of 3-bromoquinuclidine 
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The leaving group of a protonated primary alcohol is a much weaker base (better leaving group) 
than the leaving group of a protonated primary amine. 


О 


|| || 
а. 6 с. HOCH,CH,CH,CH,COH 
b. HOCH;CH;CH;CH;CH;I d. б 
+ - 
if excess HI Ж. І 
is used Н.С CH; 
ICH,CH,CH,CH,CH)I 


5. 
a. {_\у—с=мснсн,си, с. {_У—он 
CH; 
9 СН-СН; 
С 4. 2 
би, wA ^ С) = ШАК 
3 NC CH, СН;СН; 
H H 
6 The only difference is the leaving group 
a CH; СН. 
+ 
CH;—CH-NCH СН;-“СН--Вг 
re dur pu 
HO? HO: 
7. 
= СН; n 


| 
CH,C—CH, + — NCH;CH;CH, 


Ш CH; CH; 


ШЕ 
TFT pur 
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| 8. In each case, a proton is removed from the В-сагбоп that is bonded to the greater number of 
| hydrogens. 
| СН; 
| C Hs 
| а. CH;CH=CH, + NCH; c. + N(CH3)3 
СН; 
сы ов, сн, 
b. СН,==СНСНСН,СН,МСН;з а. CH;NCH;CHCH;CH-CH) 
CH4 
9. a. The primary amine is 2-methyl-3-pentanamine. 
СН; СН; CH; CH, 
excess | Ag,O | 
CH3,;CH,CHCHCH, ===» СН;СН;СНСНСН; — = CH;CH,CHCHCH, 
| KCO, + H,O | + 
NH, CH4NCH, Г CH4NCH, HO 
2-methyl-3-pentanamine ен, бн, 
|5 
CH; CH: 
СН.СН=СНСНСН. + NCI 
4-methyl-2-pentene CH. | 


b. The secondary amine is 3-methylpyrrolidine. 


С сну и | CH; єн, 
( \ excess |: TE | | -А»- CH,=CHCHCH, 
K,CO, + Н;0 + 2 
N JN. ыы 
сны 
3-methylpyrrolidine Bae CH; А сни feac 
— CH; CH, CH CH; 


| + 
CH,=CHCH=CH, 2. CH,=CHCHCH,NCH, -—— СН;-СНСНСН. 
2-methyl-1,3-butadiene CH, НО” | 


3; 
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10. а. Solved in the text. 


b. CH,CH;CH,CHCH; “СНУ син,сн,сн,снсн, 
Br CH, -N-CH, Br^ 
CH; 


лој H,O 


(CH;);N + CH,CH,CH,CH=CH, ~«4— CH,CH,CH,CHCH, 
CH;-N-CH; но" 


CH; 
СН; 
e excess ( \ Ag,0 / ) А, \ 
+ = 
М KCO; N I 820 I~ HO" N 
и N / их 
Н.С CH; Нс Сн; Н.С СН; 
сны 
ГА | \ Ар;О / \ 
I2 E HO “н.о 5 | r 
сн "a нс SCH 
Н.С 3 
auo 7 3* CH, 

ll. Because the major product is the one obtained by removing a proton from the В-сагфоп bonded 
to the most hydrogens, we can conclude that the Cope elimination has a "carbanion-like" 
transition state. 

12. 

CH; СН; 
а. CH3N + CH,=CHCH, с. CH,=CH, + NCH;CHCH; 
OH OH СН, 
OH 
b. CH3N + CH,=CHCH, d. CH;—CHCH;CH;CH;CH;NCH; — 


OH 
Notice that the methyl group is the 
В-сагбоп with the greatest number 
of hydrogens. 


634 Chapter 21 


13. Both a secondary amine and a tertiary amine could be obtained. The secondary amine will be 
obtained because the primary amine synthesized in the first part of the reaction will react with 
the excess carbonyl compound, forming an imine that will be reduced to a secondary amine, 
The secondary amine (if steric hindrance does not prevent the reaction) will then react with the 
carbonyl compound, forming an enamine that will be reduced to a tertiary amine. 


H = Н 
R,C=O + NH, ---2»- R,CH-NH, -——» R,C=NCHR, — > R;CH-NH-cHg 
Р i | Ра/ | › 
a primary amine à secondary amine 
ыс=ој 
CHR; H, CR, 
RjCH—N, ~<—  RC—N 
CHR; Pac ) "CHR, 
a tertiary amine an enamine 


14. 


tc Be. (X 


2-deuteriopyrrole 


15. Protonation on C-2 leads to a cation with three resonance contributors. Protonation on nitrogen 
leads to a cation with no resonance contributors. (The positively charged nitrogen cannot accept 
electrons by resonance, because that would put ten electrons around the nitrogen.) 


protonation on C-2 


+ EGER H —H * 
{ \ E a -—, HU dew ui Е 
Н Н N/ `H 


М М 
Н Н 


TZ 
es 


rotonation on nitrogen 


| nm 
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16.  Pyrrole is aromatic in both its acidic and basic forms. Cyclopentadiene does not become | 
aromatic until it loses a proton. It is the drive to become a stable aromatic compound that causes | 
cyclopentadiene to be more acidic than pyrrole. 


Ñ Ñ 
H .._ 
aromatic aromatic 
+ 
nonaromatic aromatic 


17. Solved in the text. 


18. Pyridine will act as an amine with the acid chloride. However, the amide that is formed is very 
reactive because of its positively charged nitrogen atom. Therefore, it will undergo a nucleo- 
philic acyl substitution reaction with methanol, forming an ester as the final product of the 


reaction. | 
О О О | 

2 || И +/ СН.ОН || 27 | 

E] + снса —— СНС’ \) ©3298 сн,с-осн, + c Е 


М N4 | 
| + СГ H Cl | 


19. The first reaction is a two-step nucleophilic aromatic substitution reaction (SNAr). 
The second reaction is a one-step nucleophilic substitution reaction (SN2). 


DN cit) мн, | NH, 
-- 547 < 

Sow © — бу.» 
N N 


N 


RM © + а 


= + NH, 


ПП я 
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20. 
а. "S 


| s € (NAE ws 


m ~ 
+ но: — | H 
И Мх / N^ “ӧн но 


N O Ñ О М О: 


2-pyridinone 


b. 4-Pyridinone is also formed because nucleophilic attack by hydroxide ion can take place 
at the 4-position as well as at the 2-position. 


4-pyridinone 


21. Itis easiest to remove a proton from the N-alkylated pyridine because the electrons left behind 
when the proton is removed can be delocalized onto the positively charged nitrogen atom. It is 
easier to remove a proton from 4-methylpyridine than from 3-methylpyridine because in the 
former, the electrons left behind when the proton is removed can be delocalized onto the 
electronegative nitrogen atom. In 3-methylpyridine, the electrons can be delocalized only onto 
carbon atoms. 


CH, - CH, 
= EN ша СВ 
| > | > | 
2, r 4 
+N г М М 
CH,CH; 


22. There are three possible sites for electrophilic substitution: C-2, C-4, and C-5. To determine 
the major product, compare the relative stabilities of the carbocations formed in.the first step 
of the reaction. 


23. 
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Substitution at C-2 leads to a carbocation with three contributing resonance structures. 
One of them is particularly unstable, because the positive charge is on a nitrogen atom that 
does not have a complete octet. 


+ 
[—\ IN) \ | e /! \ 
м МСН ——у» OGNJONCH, -— М. МСН, «<> N МСН; 


Br’ + Ne 


Br | Вг Вг 


Substitution at C-4 leads to a carbocation with only two contributing resonance structures. 


Br А Вг 
Br | \ 


IN Жан) -“-- МЕН ч» N NCH; 


< 


Substitution at C-5 leads to а carbocation with three contributing resonance structures. 
Because none of them are as unstable as one of the contributing resonance structures obtained 
from substitution at C-2, it is the most stable of the three possible carbocation intermediates. 


А ™ а а FX 


ER Br / 
м Жсн; — _, Эжен, CES N GNCH — N, Мсн, 
+ 


Therefore, the major product of the reaction is 5-bromo-N-methylimidazole. 
Br 


N NCH; 


5-bromo-N-methylimidazole 


Pyrrole and imidazole are more reactive than benzene because each has a carbocation 
intermediate that can be stabilized by resonance electron donation into the ring by a nitrogen 
atom. 

Pyrrole is more reactive than imidazole because the second nitrogen atom of imidazole 

cannot donate electrons into the ring by resonance but can only withdraw electrons from the ring 
inductively. 
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Imidazole forms intermolecular hydrogen bonds, whereas N-methylimidazole cannot form 
hydrogen bonds. Because the hydrogen bonds have to be broken in order for the compound to 


boil, imidazole has a higher boiling point. 


| а [^ [~\ [ [^N 
мо И И И И 


24. 


NS This compound cannot form hydrogen bonds, because 


N „СН: it does not have a hydrogen bonded to a nitrogen. 


25. 
. А P e ЖАН BRI _ 
fraction of imidazole in the acidic form = K, + [H*] 


pH = 7.3; [Н+] = 5.0 x 10-8 

рКа = 6.8; Ка = 1.58 X 10-7 
5.0 x 10-8 

1.58 Х 10-7 + 5.0x10°8 


5.0Х 10-8 
2.08 X 10-7 


fraction of imidazole т the acidic form 


= 0.24 


percent of imidazole in the acidic form = 24% 


26. Үеѕ, porphyrin is aromatic, because it fulfills the two requirements for aromaticity. It has an 
uninterrupted ring of p orbital-bearing atoms (it is cyclic and planar), and the п cloud contains 
ап odd number of pairs (thirteen pairs) of л electrons. 
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ж paN. CH; N СН; 


А proton is lost in the next step, which restores the aromaticity of the right-hand ring. 
Subsequent oxidation results in the formation of porphyrin. 


и 28. а, 2-methylazacyclobutane c. 3-chloropyrrole 
b. 2,3-dimethylpiperidine d. 2-ethyl-5-methylpiperidine 
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29. 
О 
А | 
T f. А 
NH,CH,CH,CH, Br 
+ 
( “-інснонену, Br 
~ 
b. | | 
pi N О | {_)—їснснсну, ВЕ 
ea с. CH;CH;CH;CH;CH,NH, 2 Xx 
E N xm 
JN 5 Д. 
E! СНС” ^o^ “СН; h Z 
|| Ц Ж 
|| | N^ “сн,сн,сн,сн; 
ІҢ № Сен; S^ ~COOH 
30. 


/ Y 77" М + М 
PC) > F> £O £3. ОС 
N N 

N N, N N N 

H H H H H 

A B C D E F G 
А is the most acidic because it becomes aromatic when it loses a proton. 


B, C, and D are the next most acidic because in all three, the proton is bonded to a positively 
charged nitrogen atom. 


B and C are more acidic than D because in B and C the proton to be lost is bonded to an sp? 


hybridized nitrogen atom, which is more electronegative than the sp? hybridized nitrogen atom 
= in D. 


B is more acidic than C because the uncharged nitrogen atom in C can donate electrons by 
resonance to the positively charged nitrogen atom. 
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Neutral compounds E, F, and G are the least acidic, with E and F more acidic than G, because E 
and F lose a proton from an sp? nitrogen atom, while a proton is lost from a less electronegative 
sp? nitrogen atom in G. 


E is more acidic than F because of the electron-withdrawing second nitrogen in E. 


31.  Thecompound on the right (shown below) is easier to decarboxylate because the electrons left 
behind when CO? is removed can be delocalized onto nitrogen and stabilized by accepting a 
proton from oxygen. The electrons left behind when the other compound loses CO? cannot be 


delocalized. 


32. 


ene OCH; SCH, 
oO > Q 


The N-, O-, and S-substituted benzenes have the same relative reactivity toward electrophilic 
aromatic substitution as the N-, O-, and S-containing five-membered heterocyclic rings and for 
the same reason. 


The N-substituted benzene is more reactive than the O-substituted benzene, because nitrogen is 
more effective than oxygen at donating electrons into the benzene ring, since it is less electro- 

negative than oxygen. (Recall that electrophilic substitution is aided by electron donation into the 
ring.) 


The S-substituted benzene is the least reactive because the lone-pair electrons of sulfur are in 
a 3p orbital, whereas the nonbonding electrons of nitrogen and oxygen are in a 2p orbital. The 
overlap of a 3p orbital with the 2p orbitals of carbon is less effective than the overlap of a 2p 
orbital with the 2p orbitals of carbon. 
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33. Because the slow step in aromatic electrophilic substitution is getting the electrophile onto the 
ring, electrophilic substitution will take place at the ring position with the greatest electron 
density. 


The ketone substituent withdraws electrons by resonance, putting a partial positive charge on the 
#1, #3, and #5 positions. Therefore, electrophilic substitution will take place at the #4 and #6 
positions, since they are more electron dense than the positions with partial positive charges, 


< "S 4 "S 
Z M 
N CCH;CH5 N ошен, М тС 
o- O^ 


62 


Ж І 27 N+ 
~ ~ + ~ 
N^ ~CCH,CH; N^ ~CCH,CH; N^ SCCH,CH, 
i p^ "E 


The amino substituent donates electrons into the ring by resonance. The resonance structures 
show that the extra electron density resides on the #3 and #5 positions. Since these positions are 
the most electron dense, this is where electrophilic substitution will take place. 


~ ~ > "S 
>= 
5 о ТЕ, ley + + 
М NHCH;CH4 (£X E МНСЊСНа М NHCH,CH, 
| Z эго 
n oc бй 
< ~ + 


“ынсн;сн; 


34. а. The Lewis acid, AlCl}, complexes with nitrogen, causing the aziridine ring to open when it 
attacked by the nucleophilic benzene ring. The ring will open in the direction that puts the 
partial positive charge on the more substituted carbon (more stable carbocation). 

CH E 

5+ | EN 

М---АІСІ; 

% 


` 


5* CH, 
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The major and minor products are those shown. 
CH; CH; 


: .CHCH;NHCH; i .CH)CHNHCH; 


major minor 


b. Yes, epoxides can undergo similar reactions. 


35. 
CH; | CH; 
K,CO, 
она ЕНЕН CHCHCH: + СН; — CIBEHOCEDOHGCHCHCHS 
NH, excess CH ЖСН, 
primary amine бн, Т 
Ар О 
СН; СН; 
СН;СН;СН;СН--СНСНСН; Ay CEBCEDEPOCEDUHCHGHS 
+ 
CH3NCH, 
1.03,-78°C | 2. | = 
3-78 jm lu, но 
CH; 
CH,;CH,CH,CH=O + О=СНСНСН, 
butanal 2-methylpropanal 
36. 


Oxygen is the negative end of the dipole in both compounds. Tetrahydrofuran has the greater 
dipole moment because in furan the effect of the electron-withdrawing oxygen is mitigated by 
the ability of oxygen to donate electrons by resonance into the ring. 


| |2 [quw 


Q Q 
u tetrahydrofuran furan 


1.73 D 0.70 D 
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33. Because the slow step in aromatic electrophilic substitution is getting the electrophile onto the 
ring, electrophilic substitution will take place at the ring position with the greatest electron 


density. 
| The ketone substituent withdraws electrons by resonance, putting a partial positive charge on the 


#1, #3, and #5 positions. Therefore, electrophilic substitution will take place at the #4 and #6 
positions, since they are more electron dense than the positions with partial positive charges. 


| ~ ~ «АТС 
N^ CCH;CH; N^ SCCH,CH, 
о” о” 


N^ ~CCH,CH, 
02 | 
27" ж Ж + 
| -- M == ~ 
~ + ~ 
М М 


CCHCH, CCH;CH, N^ “снн; 


6) О | O- 


The amino substituent donates electrons into the ring by resonance. The resonance structures 
show that the extra electron density resides on the #3 and #5 positions. Since these positions are 
the most electron dense, this is where electrophilic substitution will take place. 


ON 
| HCH;CH; 
| Ж Ж” c 5 
су жыл 
~ ~ + 
N^ "NHCH;CH, N в 


34. а. The Lewis acid, АІСіз, complexes with nitrogen, causing the aziridine ring to open when it 
attacked by the nucleophilic benzene ring. The ring will open in the direction that puts the 
partial positive charge on the more substituted carbon (more stable carbocation). 


id 
N---AlCl, 


5* SCH, 


644 


37. 


38. 


39. 


Chapter 21 


We saw in Section 16.2 of the text that an alkyl substituent bonded to a benzene ring can be 
oxidized to a carboxylic acid substituent. Similarly, an alkyl substituent bonded to a Dyridine 
ring can be oxidized to a carboxylic acid substituent. Nicotine is an alkaloid found in tobacec 
leaves. It is used in agriculture as an insecticide. 


rf 
COH 
Ж | N Ма2Сг2 О: 7" | 
| H4SO ~ 
SN CH; Аг; М 
nicotine niacin 


Pyrrolidine is a saturated nonaromatic compound, whereas pyrrole and pyridine are unsaturai 
aromatic compounds. The C-2 hydrogens of pyrrolidine are at 8 2.82, about where one woulc 


expect the signal for hydrogens bonded to an sp? carbon adjacent to an electron-withdrawing 
amino group. 


The C-2 hydrogens of pyrrole and pyridine are expected to be farther downfield because of 
magnetic anisotropy. Because the nitrogen of pyrrole donates electrons into the ring and the 
nitrogen of pyridine withdraws electrons from the ring, the C-2 hydrogens of pyrrole are in a 
environment with a greater electron density, so they should show a signal upfield relative to: 


C-2 hydrogens of pyridine. Thus, the C-2 hydrogens of pyrrole are at 5 6.42, and the C-2 
hydrogens of pyridine are at 8 8.50. 


A UV spectrum results from the electron system. The lone-pair electrons on the nitrogen 
atom in aniline is delocalized into the benzene ring and, thus, is part of the л system. 
Protonation of aniline removes two electrons from the л system, which has а significant effe 
its UV spectrum. 


МН, +NH, 


+ 
H 


The lone-pair electrons on the nitrogen atom in pyridine are sp2 electrons and thus are not pa 
of the л system. Protonation of pyridine, therefore, does not remove any electrons from the 1 
system and has only a minor effect on the UV spectrum. 


~ ~ + 
М М 
" Н 
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40. When ammonia loses a proton, the electrons left behind remain on nitrogen. 


NH, === GNH, + HE 


When pyrrole loses a proton, the electrons left behind can be delocalized onto the four ring 
carbons. Electron delocalization stabilizes the anion and makes it easier to form. 
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42. Before we can answer the questions, we must figure out the mechanism of the reaction. On 
the mechanism is known, it will be easy to determine how a change in a reactant will affect ¢ 
product. The mechanism is shown below: the 


Propenal, an @,f-unsaturated aldehyde, undergoes a conjugate addition reaction With aniline 


This is followed by an intramolecular electrophilic aromatic substitution reaction. Dehydrati 
of the alcohol results in 1,2-dihydroquinoline, which is oxidized to quinoline by nitrobenzene. 


О :OR 
Xii [< 95 


ОН 4, 
фа S + 
~] oxidation 2“ Н 
м7 with N N 
H H 


i +H,O 
i 
а. CH,CH, HC 
\ CHCH 
CH 3 2 SS 
|| те 2 
МН, CH, | М 
9 CH 
b 3 
. CH,—C 
Qu E — 
r, 
МН» СН N^ ~CH,CH, 
CH,CH, 
O 
Сн 
с. | ~ СН; 
+ те | 
ы ^ 
CH3CH; NH, CHCH,CH; CH4CH; М 'CH;CH; 


и meta-ethylaniline 2-methyl-2-pentenal 2,7-diethyl-3-methylquinoline 
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ci 
PR 
CH; Q СН; 


— à РБИЕ E жы. ANE 
OH H; CH, 


И) 


| Ca 


O O О 
|| || || 
CH;C=CHCH,CCH, — de p —— ae coe 
:OH 
aly i H Қ. 
b. 
| Y t ве И по inox 
Y) la 2 + е 
OL СНО О Вг CH, 
5. . Р Л ee 


itt 


44. 
О О 
|| || 


И су“ A E 


Substituent goes to this position by examining the 


You can see why the nitro 
Ssible carbocation intermediates. 


relative stabilities of the ро. 


0 0 i 0 
CCH, " CCH; CCH, CCH, 
Б Y T Y О Ү: 67 
The carbocation has three resonance contributors, 


| 9 р 
CCH; Y CCH, Y CCH, 
У | | 
—> -----». x 3 
Ó 


ДА 5 
о 


О 
Тће carbocation has two resonance contributors. 
| | Т [| 
CCH, CCH, CCH, CCH; 
> Soe а | = а 
+ + у 
o^ ^Y o^ ^Y О 


b Br 


S 
y the bromo Substituent goes to this position by 
tabilities of the possible carbocation intermediates, 


You can understand wh 
examining the relative S 
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EVE „г? S “ко, ЕЕЕ 


БЕР ЕУ 
unstable 


Y X. 
Суы” Эш GS 
s^ МО; s^ "NO; 57 NO 
Y Y 
ыы ы 5. 
57 МО; ОМ №) 42 мо) 


particularly 
unstable 
CH; CH, 
с. SEGEHEH HOS HS 2а CH4CHCH;N + CH=CH, + H,O 
CH, CH, HO CH, CH; 
а. CH,NCH; CH4NCH; 
(= Q 
+2 
2% 
CH; 


The other nitrogen is not alkylated, because its lone pair is delocalized 
into the pyridine ring, so it are not available to react with the alkyl halide. 


сы 
CENE, 
P 
N 
— e. us ~ 
" (жей == (5 
4 
N О М ОН М Cl 
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СН; 


С „СН; | 
N^ CH,-2N-O 
f. 
© Ios an pm CHSNCH; + CS 
OH 


g. In the first step, hydroxide ion removes the most acidic hydrogen from the compound. 
A hydrogen bonded to the C-4 methyl group is the most acidic hydrogen because the electro 
left behind when the proton is removed can be delocalized into the pyridinium ring. | 
In contrast, the electrons left behind when a proton is removed from the N-methyl group 
cannot be delocalized. 


CH; а, С\ ^ CH;CH;O _ CH;CH,0H 
b HO" “ү н,с=0 EN H ENS 
LJ ce ҰРЫ orem 
№ м 


СН: CH; CH; CH; 


h. | 
| р y + СЊСЊрМевг —— | X + CHCH, + Ма» + B 
N N 
H 


i. The tertiary amine oxide will have a proton removed from the B-carbon that is bonded 


to the greater number of hydrogens. Each of the three B-carbon atoms of this tertiary 
amine oxide is attached to two hydrogens, so three products will be formed. 


12 сн;сн; 
у 4 1. CH,=CHCH,CHNCH, 
| ^ CH;CH; oH 
vw ES 2. CH,CH;CH-CHCH;CHNCH; 


ОН 
з. CH,CH-CHCH;CH;CH;NCH; 
OH 
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N-Methylpiperidine forms 1,4-pentadiene. 


CH, 
Е. —А = CH,—CHCH,CH,CHNCH, 
2. Ағ,О 
M Á Ж 1. СНЫ 
СН; сну“ СН; НО 2. Ag,O 
3. A 


CH,=CHCH,CH=CH, 


2-Methylpiperidine forms 1,5-hexadiene. 


CHI 
Ф ЧА ae . —А = CH,—-CHCH,CH,CH,CH,NCH, 
2. ARO SN. “СН, ея 
НС CH ноу | 2. Ago 
В-сагбоп bonded 3. A 
to the greatest number ; 
of hydrogens CH,=CHCH,CH,CH=CH, 


sia E forms 2-methyl-1,4- ee 


СН. CH; 
1. CHI | | 
EXCESS === CH,=CHCH,CHCH,NCH; 


2. Ag,O 
Н.С a “сн; НО 1. СН; 
3. А 


e 
| CH,—CHCH,C=CH, 
4-Methylpiperidine forms 3-methyl-1,4-pentadiene. 


СН. 
1. CHj тз Ts 
ехсе55, —— CH,=CHCHCH,CH,NCH,; 
H нұс” "CH, d 
c 2. Ag,O ~ 
ЗА 


и сн, 


| 
CH,=CHCHCH=CH, 
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The increase in the electron density of the ring as a result of resonance donation of electrons Б 
oxygen causes pyridine-N-oxide to be more reactive toward electrophilic substitution than d 
pyridine. 


ES 2 2 
+ = - + ~ + 
n GN N 

ог | 


=>. 


У 
oz 
е) 


O- 
From the resonance structures you can see that the increased electron density is at the 2- апа 4. 
positions. Because the 2-position is somewhat sterically hindered, pyridine-N-oxide undergoes 
electrophilic substitution primarily at the 4-position. 


+ 
СН; М” “сн; N° ^CH4H В 
“0: 4 СН | 
ee OL T A 09. 
al Шш CCH; 
9 O + “OCCH; 
| | 
EN № + 
| E є | A + HB 
N^ “сн,оссн, Zi x) 
Ос 
“Хөсн; 
Ó 


The C—N—C internal bond angle of the aziridinium ion is smaller than usual because of the 
three-membered ring. This causes the external bond angles to be somewhat larger than usual. 
The larger external bond angles cause the orbital that nitrogen uses to overlap the orbital of 


hydrogen to have more s character than a typical sp? orbital. The greater s character makes the 
nitrogen more electronegative which lowers the pk, 
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49. 


para-(N,N-dimethylamino)- 
benzaldehyde | 


Н 
pyrrole 


H 
“ОН у, 
СН : OH 
ү N S wy a Оң; 
| ~ ee С М 


/ \ СН. 
ОК o 
eo + 
н у | 
Н СН. 
Repeat the О CH; 
previous series | .. Il eZ 
reaction at HC NS 
position-5. сн; 
Н.С 
: \+ / \ ,^CH 
T N 
/ 2 I N | 2 N 
HC но H H СН. 


colored compound 


ШЕ 
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50. 
үш. cn 
С Nossa, + 0=C-CH, === {_У—хнх=б-с, 
^ | 
СН; € „СвН$ 


сн,—с2С% CH; Сен; 
ыр ди = OR 
МН + —> МН 
a hex 
:В | 
AL 
A 
В: H 
СН; Сен СН; 
5 cl A| TNH; 


51. 
9) 


| | 
NHNH, + CH4CCH;CH,; c. C ники, + ( у= 
О 


| 
NHNH, + CH,CH,CH,CH 


Ya 
2 
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52. A 
os te Ы 
нс=0: HCZ-ÓBF, B Y (^н e 
BF / к pEr 'OBF, 
—> — XY CH — || \ ін 
\ М 
H СН; Н бын, 


X 


N CH 
H | 
CH; 


Сена AUS two more times. 
| БАЛАДА. 


СН; C6H5 C6H5 


1. React with benzaldehyde. 


2. Instead of using a new pyrrole, do an 
intramolecular reaction with the pyrrole 
at the end of the chain. 
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52. ^ 
oe + = ; 
НС=О: НС--ОВЕ; ui НВ 
WE 7, AM RE ‚ВЕ, 
— —— XY CH —> /\ 
н | N 


Сена м two more times. 
| че че) 


CH; C6H5 СН; 


1. React with benzaldehyde. 


2. Instead of using a new pyrrole, do an 
intramolecular reaction with the pyrrole 
at the end of the chain. 
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53. 


VOCH proe CH,COO 
CH, CH, "OOCCH; CH, 
| | | А 
о= | CNH CH; C=NH—E 
EN СН; СН 
| HNCH/ “№? 
МН, :МН, : — 
CH,COO 
OOCCH, єн, 
г + 
HCM oy EX H—E 
C 
CH 
HCH/ М? 
“OOCCH CH,CH,COO™ -ООССН CH,CH,COO™ 
NH—E ee H A—NH—E 
A ue я 
H,NCH; N H—B H,NCH; Ní 
H H 
"OOCCH CH;CH;COO . - "OOCCH CH;CH,COO 
ао —— / \ 
Н;МСН; N+ H | қ H,NCH; N 


desired product 


Chapter 21 Practice Test 


Give two names for each of the following compounds: 


a. Н.С b. 


СН; М О 
CH; 


м + 2CH,CH,NH, 


cd 

i еы 

СН; 
а. СН.МСН, + H,0, — 
e. 7" 

У | " Br, ыы 

N 300 °С 
f 2 

„|| + сн — 

М 
2. 

4 Y + Сі, ---- 

O 

CH, 

h A 


| 
; CH;CH;NCH;CH;CH, ——— 
ja 
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3. Which is a stronger acid? 
О 
а. 

Ew Lj 

А; Ж, 
Н Н Н Н 

b. 7 
| or =k, | 


N 
H 
І 
| 
~ + 
N 
H 
d. FA = E 
$ N 
N H 


4. Indicate whether each of the following is true or false: 


a. Pyridine is more reactive towards nucleophilic aromatic substitution than is pyrrole. 


b. Pyrrole is more reactive towards electrophilic aromatic substitution than is furan. 


F 

c. Pyrrole is more reactive towards electrophilic aromatic substitution than is benzene 
F 
d. Pyridine is more reactive towards electrophilic aromatic substitution than is benzene. ы 


НАРТЕК 22 
Carbohydrates 


Important Terms 


aldaric acid 
alditol 
aldonic acid 


aldose 
amino sugar 


anomeric carbon 
anomeric effect 
anomers 


antibody 
antigen 
bioorganic compound 


carbohydrate 
complex carbohydrate 


deoxy sugar 
disaccharide 
epimers 
furanose 
furanoside 
glycoprotein 
8lycoside 
N-glycoside 


a dicarboxylic acid with an OH group bonded to each carbon. Obtained by 
oxidizing the aldehyde and primary alcohol groups of an aldose. 


a compound with an OH group bonded to each carbon. Obtained by 
reducing an aldose or a ketose. 


a carboxylic acid with an OH group bonded to each carbon. Obtained by 
oxidizing the aldehyde group of an aldose. 


a polyhydroxyaldehyde. 
a sugar in which one of the OH groups is replaced by an NH» group. 


the carbon in a cyclic sugar that is the carbonyl carbon in the straight-chain 
form. 


preference for the axial position by certain substituents bonded to the 
anomeric carbon. 


two cyclic sugars that differ in configuration only at the carbon that is the 
carbonyl carbon in the straight-chain form. 


a compound that recognizes foreign particles in the body. 
а compound that can generate a response from the immune system. 
an organic compound that is found in a biological system. 


a sugar, а saccharide.: Naturally occurring carbohydrates have the 
D-configuration. 


contains two or more sugar molecules linked together; it can be hydrolyzed 
to simple sugars. 


a sugar in which one of the OH groups has been replaced by a hydrogen. 
а compound containing two sugar molecules linked together. 
monosaccharides that differ in configuration at only one carbon. 

a five-membered ring sugar. 

a five-membered ring glycoside. 

a protein that is covalently bonded to a polysaccharide. 


the acetal of a sugar. 


a glycoside with a nitrogen instead of an oxygen at the glycosidic linkage. 


Ruff degradation 
simple carbohydrate 
tetrose 


triose 
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a method used to shorten an aldose by one carbon. 
a single sugar molecule. 
a monosaccharide with four carbons. 


a monosaccharide with three carbons. 
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glycosidic bond 

a-1,4'-glycosidic linkage 
a-1,6'-glycosidic linkage 
p-1,4'-glycosidic linkage 


Haworth projection 


heptose 
hexose 
ketose 


Kiliani-Fischer synthesis 


molecular recognition 
monosaccharide 


mutarotation 


nonreducing sugar 


oligosaccharide 


osazone 


oxocarbenium ion 
pentose 
photosynthesis 
polysaccharide 
Банке 


pyranoside 


reducing sugar 


the bond between the anomeric carbon and the alcohol residue in a 
glycoside. 


a glycosidic linkage between the C-1 of one sugar and the C-4 of a secong 
sugar with the oxygen atom at C-1 in the axial position. 


a glycosidic linkage between the C-1 of one sugar and the C-6 of a second 
sugar with the oxygen atom at C-1 in the axial position. 


a glycosidic linkage between the C-1 of one sugar and the C-4 of a second 
sugar with the oxygen atom at C-1 in the equatorial position. 


a way to show the structure of a sugar in which the five- and six-membered 
rings are represented as being flat. 


a monosaccharide with seven carbons. 
a monosaccharide with six carbons. 
a polyhydroxyketone. 


a method used to increase the number of carbons in an aldose by one, 
resulting in the formation of a pair of C-2 epimers. 


the ability of molecules to recognize one another. 
a single sugar molecule. 


a slow change in optical rotation to an equilibrium value. 


a sugar that cannot be oxidized by reagents such as Ag* and Cu*. 
Nonreducing sugars are not in equilibrium with the open-chain aldose or 
ketose. 

three to ten sugar molecules linked by glycosidic bonds. 


the product obtained by reacting an aldose or a ketose with excess 
phenylhydrazine. An osazone contains two imine bonds. 


an ion in which the positive charge is shared by a carbon and an oxygen. 
a monosaccharide with five carbons. 

the synthesis of glucose and O2 from CO? and #20. 

a compound containing ten or more sugar molecules linked together. 

a six-membered ring sugar. 


a six-membered ring glycoside. 


a sugar that can be oxidized by reagents such as Agt and Cut. 
Reducing sugars are in equilibrium with the open-chain aldose or ketose. 
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Solutions to Problems 


DOIUTIOLS Е eee 


| 1. D-Ribose is an aldopentose. 
| D-Sedoheptulose is a ketoheptose. 
р-Маппозе is an aldohexose. 


2. 
HC=O сн;он 
HO H C=O 
H OH H OH 
HO H H H 
HO H H H 
CHOH CH OH 
L-glucose L-fructose 
3: 
HC=O H СН;ОН 
носн,-|-он но-|-сн,он H H 
H HC=0 HC=0 
L-glyceraldehyde L-glyceraldehyde D-glyceraldehyde 
4. a. enantiomers 
b. diastereomers 
5. a. D-ribose b. L-talose c. L-allose 


6. a. D-glucose — (2R,3S,4R,5R)-2,3,4,5,6-pentahydroxyhexanal 


b. L-Glucose is the mirror image of D-glucose, so each carbon in D-glucose has the opposit 


configuration in L-glucose. 
L-glucose = (25,3R,4S,5S)-2,3,4,5,6-pentahydroxyhexanal 


с. D-Galactose is the C-4 epimer of D-glucose. Therefore, each of its carbon atoms, except 


has the same configuration as it has in D-glucose. 
D-galactose = (2R,3S,4S,5R)-2,3,4,5,6-pentahydroxyhexanal 


7. D-psicose 
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8. a. А ketoheptose has four asymmetric carbons (24 = 16 stereoisomers). 


b. An aldoheptose has five asymmetric carbons (25 = 32 stereoisomers). 


c. A ketotriose has no asymmetric carbons; therefore, it has no stereoisomers. 
9, a. When D-idose is reduced, D-iditol is formed. | 
CH= CH,OH 
HO H H H 
H OH H, H——OH 
HO H “ИС” НО Н 
Н ОН Н ОН 
CHOH CH,OH 
D-idose D-iditol 


b. When D-sorbose is reduced, C-2 becomes an asymmetric carbon, so both D-iditol and the C-2 
epimer of D-iditol (D-gulitol) are formed. 


сн;он СН;ОН CH OH 
с=0 НО Н Н ОН 
Н ОН H, H OH А Н ОН 
HO-—H Pd/C HO——H HO——H 
H OH H OH H OH 
CHOH CHOH CHOH 
D-sorbose 


D-iditol D-gulitol 


10. а. 1. D-Altrose is reduced to the same alditol as D-talose. 
The easiest way to answer this question is to draw D-talose and its alditol. Then draw the 
monosaccharide with the same configuration at C-2, C-3, C-4, and C-5 as D-talose, 
reversing the functional groups at C-1 and C-6. (Put the alcohol group at the top and the 
aldehyde group at the bottom.) The resulting Fischer projection can be rotated 180? in the 
plane of the paper, and the monosaccharide can then be identified. 
CH=O СН;ОН СН;ОН CH=O 
HO——H HO——H HO——H HO—T—H 
но—-н H HO—[-H H, НО--Н гоше1809  H—[—OH 
h — ы ыы vocc See 
5 HO——H РИС но--н Рас нон 75” н-4-он 
H—1—OH ОН OH H OH H OH 
| СН;ОН CH,OH СН-О CHOH 
D-talose 


D-altrose 


vur ~ парка 22 UMS 


2. L-Galactose is reduced to the same alditol as D 


-galactose. 
сн=о CH,OH CHOH | с 
н-4-он Н--оОн H——OH H 
H H H H H H 4H Н rotate 1800 Н 
H Н РС” нон РИС HO—[-H 75--» , 
Н—- ОН H—]—oH нон HO 
CH;OH СН,ОН СН-О C 
D-galactose L-gala 


b. 1. The ketohexose (D-tagatose) with the s 


ame configuration at C-3, C-4, and С-5 аз D-ta 
will give the same alditol as D-talose. 


The other alditol is the one 


with the opposite 
configuration at C-2. | 
CH;OH CHOH CHOH 
С--О HO——H H——OH 
ji H H H H H HO—]—H 
| HO——H Pd/C но——н + HO—1—H 
io нон H—|—OH Н---он 
ia CH,OH CH,OH CHOH 
B D-tagatose D-talitol D-galactitol 
2. D-fructose 
CH;OH CH,OH CH,0OH 
C=O % HO—|—H Н—- он 
Н Н H, HO——H HO——H 
H OH Pd/C H OH + H OH 
H OH. H OH Н OH 
CH,OH CH,OH CH;0H 
D-fructose D-mannitol D-glucitol 


| 
| 
| 
| 
| 
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Removal of an a-hydrogen creates an enol that can enolize back to the ketone (using the OH at 


C-2) or can enolize to an aldehyde (using the OH at C-1). The aldehyde has a new asymmetric 
carbon; one of the epimers is D-glucose, and the other is D-mannose. 


0 
H H NIA 
i ^ NGH-Q^-H :OH НС= 
H О-Н | oo .. | 
NJ C—OH * CHOH 
HO——H HO—|—H 
i ——— 
я н——он 7 H——OH 
| H——OH H——OH 
CH,OH CH,OH CH,OH 
D-fructose D-glucose 
D-mannose 
12. D-tagatose, D-galactose, and D-talose 
CHOH сн-он НС-О нс=0 
c= С-ОН H OH H H 
H Н HÖ H H . HO-l—H HO——H 
HO “но Но-н 7 но--н * но--н 
H——OH H——OH H——OH H——OH 
CHOH CH,OH CH,OH CH,OH 
ЕЕ D-galactose D-talose 
13. а. L-gulose 
СН--О COOH CH,OH сн=о 
H——OH Н--ОН н---он HO——H 
HO——H HNO, H H HNO; HO——H rotate 180° HO——H 
Н---он А Н---ОН А H—+~OH H——OH 
H——OH H——OH H——OH HO—[—H 
CH,OH COOH CH=O CHjOH 
D-glucose D-glucaric acid L-gulose 


b. L-Gularic acid, because it is also the oxidation product of L-gulose. 


с. D-allose and L-allose, D-altrose and D-talose, L-altrose and L-talose, D-galactose and 
L-galactose 
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14. а. D-arabinose and D-ribulose c. L-gulose and L-sorbose 


b. D-allose and D-psicose d. D-talose and D-tagatose 


15. Г-ршове and D-idose 


16. а. D-gulose and D-idose b. L-xylose and L-lyxose 


17. а. D-glucose and D-mannose 
b. D-erythrose and D-threose 


с. L-allose and L-altrose 


. 18. Solved in the text. 


19. 
HC= HC-O 
H OH H H HC—O Е 
H H H H HO H HC= 
H OH H OH H OH H OH 
H OH H OH H OH H OH 
CH,OH CH;OH CH,OH CH,OH 
D-glucose D-mannose D-arabinose D-erythrose 


A B C b 


20. Тһе hemiacetals in a апа b have one chirality center; therefore, each has two stereoisomers. 
The hemiacetals іп с and d have two chirality centers; therefore, each has four stereoisomers. 


H 
4 е ^) b. | Di On 
OH H H e 
— НС о Н юс о OH 


Н о OH 
H 


H О Н 
с. К ) 
H H H Н.С 


ОН Н.С 
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CH;CH;CH, ы CH,CH;CH,, 


5 C) H o9 H H о OH 


CH,CH,CH, ОН cH,CcH,CH, Н 


M. 
b. H 
HOCH» CH,OH 


H/ cu,0H 
H 
OHHO 
HO OH 


H H 
тет Q-D-tagatose 
furanose form pyranose form 


jm 


HO 
№ HOA 


OH H 


a-D-glucose Q-L-glucose ` 
the mirror image of a-D-glucose 
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23. 


25. 


26. 


27. 
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First recall that in the more stable chair conformation: an a-anomer has the anomeric carbon in 


the axial position, whereas а f-anomer has ће anomeric carbon in the equatorial position. Then 


recall that glucose has all its OH groups in equatorial positions. Now this question can be 
answered easily. 


a. Mannose is a C-2 epimer of glucose. Therefore, the OH group at C-2 in 
В-р-таппозе is in the axial position. 


b. Idose differs in configuration from glucose at C-2, C-3, and C-4. Therefore, the OH 
groups at C-2, C-3, and C-4 іп f--D-idose are in the axial position. 


c. Allose is a C-3 epimer of glucose. Therefore, the OH group at C-3 is in the axial 


position and, since it is the a-anomer, the OH group at C-1 (the anomeric carbon) is in 
the axial position. 


If more than a trace amount of acid is used, the amine that acts as a nucleophile when it forms 
the N-glycoside becomes protonated, and a protonated amine is not nucleophilic. 


a. Solved in the text. 


b. methyl a-D-galactoside (nonreducing) 
с. Q-D-idose (reducing) 
d. ethyl B-D-psicosideside (nonreducing) 


an L-aldohexose 


a. Amylose has a-1,4'-glycosidic linkages, whereas cellulose has B-1,4'-glycosidic linkages. 


b. Amylose has a-1,4'-glycosidic linkages, whereas amylopectin has both a-1,4'-glycosidic 
linkages and a-1,6'-glycosidic linkages. 


c. Glycogen and amylopectin have the same kind of linkages, but glycogen has a higher 
frequency of a-1,6'-glycosidic linkages. 


d. Cellulose has a hydroxyl at C-2, whereas chitin has an N-acetylamino group at that position. 
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A proton is more easily lost from the C-3 OH group because the anion that is formed when the 
proton is removed is more stable than the anion that is formed when a proton is removed from 
the C-2 OH group. When a proton is removed from the C-3 OH group, the electrons that are left 
behind can be delocalized onto another oxygen atom. When a proton is removed from the C-2 
OH group, the electrons that are left behind are delocalized onto a carbon atom. Because oxygen 
is more electronegative than carbon, a negatively charged oxygen is more stable than a 
negatively charged carbon. 


CH,OH CH,OH 
H OH H OH 

О О - 
Со: б: 

а / 

сз © S OH :0 OH 
CH,OH 
H H OH 
O 
O 
HO O: 


a. People with Type O blood can receive blood only from other people with Type O blood, 
because Type A, B, and AB blood have sugar components that Type O blood does not have. 


b. People with Type AB blood can give blood only to other people with Type AB blood, because 
Type AB blood has sugar components that Type A, B, or O blood does not have. 


a COOH b. COO c СНОН d. CH-NNHC4H; 
H—]1—oH н-- он H——OH C=NNHC,H, 
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31. 


32. 


33. 
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e COO f ОН 
H-1—OH н СНОН о " 
H H HO OCH,CH; 
H H OH 
нон Н 
СН;ОН 
2. НС--О 
НО Н 
НО Н 
Н ОН 
СН;ОН 
а. D-lyxose b. D-tagatose c. D-talose 


H 


OH 
CHjOH o 
H 


HO 


d. D-psicose 


a. D-ribose and L-ribose, D-arabinose and L-arabinose, D-xylose and L-xylose, D-lyxose and 


L-lyxose 


b. D-ribose and D-arabinose, L-ribose and L-arabinose, D-xylose and D-lyxose, L-xylose and 


L-lyxose 


c. D-arabinose, L-arabinose, D-lyxose, and L-lyxose 


HOCH», H 
H ОСН. 
НО ОН 
methyl o-D-ribofuranose 
н/ OH 
H H 
HO OCH, 
HO OH 


methyl a-D-ribopyranose 


HOCH OCH; 
H H 
HO OH 
methyl f-D-ribofuranose 
H О осн. 
H H 
HO H 
HO OH 


methyl В-р-пборугапозе 
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М. 1. As Fischer did, we can narrow our search to eight 6-carbon sugars, since there are eight pairs 
of enantiomers. First we need to find an aldopentose that forms (+)-galactose as a product of 


a Kiliani-Fischer synthesis. That sugar is the one known as (—)-lyxose. The Kiliani-Fischer 


synthesis on (—)-lyxose yields two sugars with melting points that show them to be the sugars 


known as (+)-galactose and (+)-talose. Now we know that (+)-galactose and (+)-talose are C- 
2 epimers. They are sugars 1 and 2, 3 and 4, 5 and 6, or 7 and 8. (See page 932 of the text.) 


2. When (+)-galactose and (+)-talose react with HNO3, (+)-galactose forms ап optically inactive 
product and (+)-talose forms an optically active product. Thus, (+)-galactose and (+)-talose 
are sugars 1 and 2 or 7 and 8. Since (+)-galactose is the one that forms the optically inactive 
oxidation product, it is either sugar 1 or 7. 


3. To determine the structure of (+)-galactose, we can go back to (—)-lyxose, the sugar that 
forms sugars 7 and 8 by a Kiliani-Fischer synthesis, and oxidize it with HNO3. Finding that 


the aldaric acid is optically active allows us to conclude that (+)-galactose is sugar 7, because 
the aldopentose that leads to sugars 1 and 2 would give an optically inactive aldaric acid. 


HC=O HC=O 
H OH HO H 
HO H HO H 
H H HO H 
H OH H OH 
CHOH СН-ОН 
7 8 
D-galactose D-talose 


35. А monosaccharide with a molecular weight of 150 must have five carbons (five C's = 60, five 
O's = 80, and 10 H's = 10 for a total of 150). АП aldopentoses are optically active. Therefore, 
the compound must be a ketopentose. The following is the only ketopentose that would not be 
optically active. 


CH,OH 

нон 
C=O 

н—|-он 
CH,OH 


3€ Тһе hydrogen that is bonded to the anomeric carbon will be the hydrogen that is farthest 
- downfield, because it is the only hydrogen that is bonded to a carbon that is bonded to two 
electronegative oxygen atoms. So the two anomeric hydrogens, one on the a-anomer and one 


| on the f-anomer, are responsible for the two low-field doublets. 


38. 


39. 


40. 
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НС--О 
н—— он = 
H——OH ОН 
Н OH H OH 
D-ribose D-erythrose 
A B 
COOH COOH 
EO qw 
H H 
OH H OH H 
HO H HO 
H OH | н OH 
the f9-D-glucuronide the o-D-glucuronide 


hyaluronic acid 


She can take a sample of one of the sugars and oxidize it with nitric acid to an aldaric acid or 
reduce it with sodium borohydride to an alditol. If the product is optically active, the sugar Was 
D-lyxose. If the product is not optically active, the sugar was D-xylose; if the product is opticall: 
active, the sugar was D-lyxose. 
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НС--О СООН НС- СООН 
Н он Н ОН 
нон нмо, HOH HNO 
H н — H H H н — H H 
H OH H OH H OH H OH 
СН;ОН СООН СН;ОН СООН 
D-lyxose optically active D-xylose optically inactive 
НС--О СН-ОН НС--О CH,OH 
HO-1—H імавн, НОН x - 1.№ вн, H-| он 
— 
HO——H 2н но Н H 2.H, Ho Н ji 
H OH OH H OH H OH 
CH,OH СН;ОН Свон CH,OH 
D-lyxose optically active D-xylose optically inactive 
41, 
Me D--OD И ò 
na: \7 сво T d ` 
CHOH lv. - (рОН 
Шұға | C-Q: с=0 
C=O Lr EN 
H H ч" Н Н — H H 
H -OH 
н-Р он Е a E 
3 ОЧ СН;ОН los 
CH,OH 2 | 
D-fructose with one deuterium 
р-ор | 
em Pus 
Ж с\б: 
HO H Зи 
—> НО Н 
Н ОН b 
H OH 
H OH 
H OH 
CHjOH 
CH,OH 


D-fructose with two deuteriums 
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42. р-агађіпоѕе. The only D-aldopentoses that are oxidized to optically active aldaric acids are 
D-arabinose and D-lyxose. 


A Ruff degradation of D-arabinose forms D-erythrose, whereas a Ruff degradation of D-lyxose 


forms D-threose. Since D-erythrose forms an optically inactive aldaric acid but D-threose does 
not, the D-aldopentose is D-arabinose. 


43. 10 aldaric acids 


Each of the following pairs forms the same aldaric acid: 


D-allose and L-allose L-altrose and L-talose 
D-galactose and L-galactose D-glucose and L-gulose 
D-altrose and D-talose L-glucose and D-gulose 


Thus twelve aldohexoses form six aldaric acids. The other four aldohexoses each form a 
distinctive aldaric acid, and (6 +4 = 10). 


44. — LetA = the fraction of glucose in the o-form and В = the fraction of glucose in the B-form. 
А+В=1 
В=1-А 
specific rotation of A = 112.2? 


specific rotation of В = 18.7? 
specific rotation of the equilibrium mixture = 52.7? 


specific rotation of the mixture — specific rotation of A x fraction of glucose in the a-form + 
specific rotation of B x fraction of glucose іп the B-form 

52.7 = 112.2A + (1- A) 18.7 

52.7 = 112.2A + 18.7-18.7A 


34.0 = 93.5 А 
А = 0.36 
В = 0.64 


This calculation shows that 36% is in the a-form and 64% is in the B-form. 
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| 45. D-Altrose will most likely exist as а furanose because 
(1) the furanose is particularly stable, because all the large substituents are trans to each other, 
and 
(2) the pyranose has two of its OH groups in the unstable axial position. 


CH,OH 
H OH 
О 
ОН 
Н 
H - 
HO H OH 
D-altrofuranose D-altropyranose 
46. 
H,0°™ 
| H,O* 
H 2 ab» 
Е H,Q: H . 
HC=N-hemoglobin 4 HC=NH-hemoglobin Ы кшш 
н---он н ОН C—ÓH 
H H = HO H == H H 
H OH H OH H OH 
H OH H OH H OH 
CH;OH CH,OH CH,OH 
CH,NH-hemoglobin CHaN H-hemoglobin 
с=О се н но; 
29: 
. H H === нон NM 7 

њо + Н--ОН H-1—oH 

H OH H OH 

CH,OH CH,OH 

47. 


a. Because mannose is missing the methyl substituent on the oxygen at C-6, the disaccharide 
must be formed using the C-6 OH group of mannose and the anomeric carbon of galactose. 


"T 


48. 


49. 
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OH 
H СН-ОН 


HO н Н 


b. Silver oxide increases the leaving tendency of the iodide ion from methyl iodide, thereby 
allowing the nucleophilic substitution reaction to take place with the weakly nucleophilic 
alcohol groups. 


Because all the glucose units have six-membered rings, the 5-position is never methylated. 
2,3,4,6-tetra-O-methyl-D-glucose has only its 1-position in an acetal linkage. 
2,3,6-tri-O-methyl-D-glucose has its 1-position and its 3-position in an acetal linkage. 
2,3,4-tri-O-methyl-D-glucose has its 1-position and its 6-position in an acetal linkage. 
2,4-di-O-methyl-D-glucose has its 1-position, its 3-position, and its 6-position in an acetal 
linkage. 


| CH,OH 
H Он 
Н а 3,6'-linkage 
OH H a 
| 
HO сн, HO = 
H OH o. H OH 
a 1,6'-linkage H 
H 


О--СН, а 1,6'-linkage 


а 1,3'-linkage H ОН H Ән 
Н 
ОН Н 
HO ae 
H OH 


In the case of D-idose, the chair conformer with the OH substituents at C-1 and C-5 in the axial 
position (which is necessary for formation of the anhydro form) has the OH substituents at C-2, 
C-3, and C-4 all in equatorial positions. Thus, this is a preferred conformer, since three of the 
five large substituents are in the more stable equatorial position. 
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In the case of D-glucose, the chair conformer with the OH substituents at C-1 and C-5 in the 
axial position has the OH substituents at C-2, C-3, and C-4 all in axial positions. This is a 
relatively unstable conformer, since all the large substituents are in less stable axial positions. 


CH, anhydro form of D-idose CH, anhydro form of D-glucose 


50. 
HO—-H HO 
HC—O M 1-> CH—OH CH,OH HO 7$ 
"c || v: | | 
ног неон n zo cH 
H H —— Н H " H H 
H-]—OH H-L-OH ` н on mbi 
H OH H OH H OH 
CH;0H CH;OH CH,OH 
D-glucose | 
р н и 
HOH CHOH CH,OH 
с=0 сф Е 
HO——H + нон . HO-C HO: 
H——OH H—]—OH j H—— OH 
н—--он н—--он H—— он 
CH,OH CH,OH CH,OH 
HC=O нс=0 
H OH HO H 
н—он H—— ОН 
н-4-он H——OH 
H—[—OH H—+—OH 
CH,OH CH,OH 


D-allose D-altrose 
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Chapter 22 Practice Test 


1. Give the product(s) of each of the following reactions: 
a. CH=O 
H OH 
H H 
HNO, 
H OH A 
H OH 
СН;ОН 
b. OH 
CH;OH 
- B ES HC! 
HO. OH CHOH 
OH 
H H 
с. НС--О 
Н Н 1. HC=N 
Н H 2. HP d/BaSO, 
—_— —————з—= 
н-Рон  3.Hj0* 
CH,OH 
d. НС=0 E 
H OH H,O 
H--ou + 8% . 
H OH 
СН;ОН 
2. Indicate whether the following statements are true or false: 


a. Glycogen contains a-1,4'- and ff-1,6'-glycosidic linkages. 
b. D-Mannose is a C-1 epimer of D-glucose. 
c. D-Glucose and L-glucose are anomers. 


d. D-Erythrose and D-threose are diastereomers. 


e. Ruff degradations of D-glucose and D-gulose form the same aldopentose. 


"n т тп ow 


er | 
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Which of the following sugars will form an optically active aldaric acid? 


СН--О CH=O CH-O сн=о 
H H нон H——0H н—-он 
H H нон H-1—0H но—н 
н—он н—он H—-OH но--н 
н-—- он H—-O0H H-1—OH н—он 
CH,OH CH,OH CH,OH CH,OH 


When crystals of D-fructose are dissolved in a basic aqueous solution, two aldohexoses are 
obtained. Identify the aldohexoses. 


A sugar forms the same osazone as D-galactose but is not oxidized by an aqueous solution of 
Br». Identify the sugar. 


D-Talose and are reduced to the same alditol. 

What is the main structural difference 2/4 с and cellulose? 

What aldohexoses are formed from a Kiliani-Fischer synthesis starting with D-xylose? 
What aldohexose is the C-3 epimer of D-glucose? 


Draw the most stable chair conformer of В-р-аПове, a C-3 epimer of B-D-glucose. 
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Amino Acids, Peptides, and Proteins 


Important Terms 


amino acid 


D- amino acid 


L-amino acid 


amino acid analyzer 


amino acid residue 


anion-exchange resin 


an a-aminocarboxylic acid. Naturally occurring amino acids have the 
L-configuration. 


the configuration of an amino acid drawn in a Fischer projection such that 
the carboxyl group is on top, the hydrogen is on the left, and the amino 
group is on the right. 

the configuration of an amino acid drawn in a Fischer projection such that 
the carboxyl group is on top, the hydrogen is on the right, the amino 
group is on the left. 

an instrument that automates the ion-exchange separation of amino acids, 
a monomeric unit of a peptide or protein. 


a resin that binds anions. 


antiparallel B-pleated sheet the adjacent hydrogen-bonded peptide chains in a B-pleated sheet run 


automated solid-phase 
peptide synthesis 


cation-exchange resin 


coil conformation 
(loop conformation) 


denaturation 
dipeptide 
disulfide 
disulfide bridge 


Edman's reagent 


electrophoresis 


endopeptidase 


enkephalin 


enzyme 


in opposite directions. 


an automated technique that synthesizes a peptide while its C-terminal 
amino acid is attached to a solid support. 


а resin that binds cations. 


that part of a protein that is highly ordered but not in an a-helix or a 
f-sheet. 


destruction of the highly organized tertiary structure of a protein. 


two amino acids linked together by an amide bond. 
a compound with an -S—S- bond. 
a disulfide (-S—S-) bond in a peptide or protein. 


phenyl isothiocyanate. A reagent used to determine the N-terminal amino 
acid of a polypeptide. 


a technique that separates amino acids on the basis of their pI values. 


an enzyme that hydrolyzes a peptide bond that is not at the end of a peptic 
chain. | 


a pentapeptide synthesized by the body to control pain. 


a protein that is a catalyst. 


essential amino acid 


exopeptidase 


fibrous protein 


globular protein 


a-helix 


hydrophobic interactions 


interchain disulfide 
bridge 


intrachain disulfide 
bridge 


ion-exchange 
chromatography 


isoelectric point (pI) 


kinetic resolution 


oligomer 


oligopeptide 


paper chromatography 


parallel f-pleated sheet 


partial hydrolysis 


peptide 
peptide bond 


P-pleated sheet 


polypeptide 
primary structure 


protein 
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an amino acid that humans must obtain from their diet because they either 
cannot synthesize it at all or they cannot synthesize it in adequate amounts. 
an enzyme that hydrolyzes a peptide bond at the end of a peptide chain. 


a water insoluble protein that has its polypeptide chains arranged in 
bundles. 


a water soluble protein that tends to have a roughly spherical shape. 


the backbone of a polypeptide coiled in a right-handed spiral with 
hydrogen bonding occurring within the helix. 


interactions between nonpolar groups. They increase stability by 
decreasing the amount of structured water (increasing entropy). 


a disulfide bridge between two cysteine residues in different peptide 
chains. 


a disulfide bridge between two cysteine residues in the same peptide chain. 
a technique that uses a column packed with an insoluble resin to separate 
compounds on the basis of their charge and polarity. 

the pH at which there is no net charge on an amino acid. 


separating enantiomers based on the difference in their rate of reaction with 
an enzyme. 


a protein with more than one peptide chain. 
three to ten amino acids linked by amide bonds. 


a technique that separates amino acids based on polarity. 


the adjacent hydrogen-bonded peptide chains in a B-pleated sheet run 
in the same direction. 


a technique that hydrolyzes only some of the peptide bonds in a 
polypeptide. 


polymer of amino acids linked together by amide bonds. 


the amide bond that links the amino acids in a peptide or protein. 


the backbone of a polypeptide is extended in a zigzag structure with 
hydrogen bonding between neighboring chains. 


many amino acids linked by amide bonds. 


the sequence of amino acids in a protein. 


polymer of amino acids linked together by amide bonds. 
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quaternary structure 


random coil 
secondary structure 
structural protein 
subunit 


C-terminal amino acid 
N-terminal amino acid 
tertiary structure 
thin-layer 
chromatography 


tripeptide 


zwitterion 


a description of the way the individual polypeptide chains of a protein are 
arranged with respect to one other. 


the conformation of a totally denatured protein. 

a description of the conformation of the backbone of a protein. 
a protein that gives strength to a biological structure. 

an individual chain of an oligomer. 


the terminal amino acid of a peptide (or protein) that has a free carboxyl 
group. 


the terminal amino acid of a peptide (or protein) that has a free amino 
group. 


a description of the three-dimensional arrangement of all the atoms in a 
protein. 


a technique that separates compounds on the basis of their polarity. 


three amino acids linked by amide bonds. 


a compound with a negative charge and a positive charge on nonadjacent 
atoms. 
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Solutions to Problems 


1. а. Protonation of the doubled-bonded nitrogen forms a conjugate acid that is stabilized by electron 
delocalization. Protonation of the other nitrogen forms a conjugate acid that is not stabilized by 
electron delocalization. The resonance-stabilized conjugate acid is the one that is more readily 
formed. 


INNES So HN NH в 
= H* [= Н 

‘IN. iNH =, 4 

“ S sg 


b. Protonation of the doubled-bonded nitrogen forms a conjugate acid that is stabilized by electron 
delocalization. Protonation of either of the other nitrogen atoms forms a conjgate acid that is 
not stabilized by electron delocalization. The resonance-stabilized conjugate acid is the one that 
is more readily formed. 


NH 
HN—C-NH— 
guanidino group 


H H H H H H 
T d РА 
“М ^N N 


m " ES ME E 
н, (йн <—> HN-CZNH— <—> HN=C-NH— 


2. а. (R)-alanine 
b. (R)-aspartate 


c. The a-carbons of all the D-amino acids except cysteine have the R-configuration. 


Similarly, the a-carbon of all the L-amino acids except cysteine has the S-confi guration. 

(In all the amino acids except cysteine, the amino group has the highest priority and the 
carboxyl group has the second-highest priority. In cysteine, the thiomethyl group has a higher 
priority than the carboxyl group because sulfur has a greater atomic number than oxygen.) 


3. isoleucine and threonine 
naturally occurring L-isoleucine is (25,35)-isoleucine 
naturally occurring L-threonine is (25,3R)-threonine 


The electron-withdrawing +МНз substituent on the a-carbon increases the acidity of the carboxyl 
group. 


5. 
NM 
a. Solvedin the text. d. H3N CH;CH;CH;CH;CHCO 
9 +N Н; 
b. CH,CHCO™ ee П 
= чн, e. NEUNHCE;CH;CH;CHCO- 
N „М Н +NH, 
i р i 
с. H)NCCH,CH, CHCO- f. но-/ \- CH;CHCO" 
*NH, +N H4 
6. 
Т i | [ 
а. HOCCH,CH,CHCOH с. OCCH;CH;cHCO- 
| | +NH, +NH, 
A | О 
Ш i i -ol ue 
«МН; NED 
| 
Ш 
7. а. The carboxyl group of the aspartic acid side chain is a stronger acid than the carboxyl group of 
the glutamic acid side chain because the aspartic acid side chain is closer to the electron- 
withdrawing protonated amino group. 

b. The lysine side chain is a stronger acid that the arginine side chain. The arginine side chain has 
less of a tendency to lose a proton because the positive charge is delocalized over three nitrogen 
atoms. ; 

8. In order for the amino acid to have no net charge, the two amino groups must have а +1 charge 


between them in order to cancel out the -1 charge of the carboxylate group. Because they are 
positively charged in their acidic forms and neutral in their basic forms, the sum of their charges 
Will be +1 at the midpoint of their рКа values. 


“10. 


11. 


12. 


13. 


14. 
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. 8.84 10.86 
asparagine pl = шалам = 5.43 
Е pI = 9.04 + 12.48 = 21.52 _ 10.76 
2 2 
denis рі = 2.21 + 915 _ 1136 _ 26 
2 2 
aate pb 2.09 + 3.86 x; 5952 lir 2.98 
2 2 
а. Asp (pl = 2.98) €. Asp 
b. Arg (pl = 10.76) d. Met, because at pH = 6.20 Met is farther away from the 
pH at which it has no net charge (pI of Met = 5.75, pI of 
Gly = 5.97). | 


Tyrosine and cysteine each have two groups that are neutral in their acidic forms and negatively 


charged in their basic forms. Unlike other amino acids that have similarly ionizing groups, the pK, 
values of the two similarly ionizing groups in tyrosine and cysteine are not close in value and quite 


different from the pK, of the group that ionizes differently. Therefore, the third group cannot be 
ignored in calculating the pl. 


Leucine and isoleucine both have butyl side chains and, therefore, have the same polarity. 


Consequently, the spots for both amino acids appear at the same place on the chromatographic 
plate. 


Because the amino acid analyzer contains a cation-exchange resin (it binds cations), the less 
positively charged the amino acid, the less tightly it is bound to the column. Using buffer 
solutions of increasingly higher pH to elute the column causes the amino acids bound to the 
column to become increasingly less positively charged, so they can be released from the column. 


Cation-exchange chromatography releases amino acids in order of their РІ values. The amino acid 
with the lowest pl is released first because at a given pH it will be the amino acid with the highest 
concentration of negative charge, and negatively charged molecules are not bound by the negatively 
charged resin. The relatively nonpolar resin will release polar amino acids before nonpolar amino 
acids. 


a. Asp (pI = 2.98) is more negative than Ser (pI = 5.68). 
b. Gly is more polar than Ala. 
c. Val is more polar than Leu. 
d. Tyr is more polar than Phe. 
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T 15. 


16. 


17. 


18. 
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A column containing an anion-exchange resin releases amino acids in reverse order of their I 
values. The amino acid with the highest pl is released first, because at a given pH it will be the 
amino acid with the highest concentration of positive charge. 


His » Val » Ser » Asp 


The first equivalent of ammonia will react with the acidic proton of the carboxylic acid to form 
ammonium ion, which is not nucleophilic and, therefore, cannot substitute for Br. A second 
equivalent of ammonia therefore is needed for the desired nucleophilic substitution reaction. 


Convert the amino acids into esters using SOCI; followed by ethanol. The products obtained after 
treatment with pig liver esterase will be an L-amino acid and unreacted ester of the D-amino acid. 
These compounds can be readily separated, and the D-amino acid can be obtained by acid-catalyzed 
hydrolysis of the ester. This technique is called a kinetic resolution. If the difference in the rate of 
the enzyme-catalyzed reaction with the two enantiomers is greater than about 3 kcal/mol, a kinetic 
resolution will be successful. 


a. The reactions below show that pyruvic acid forms alanine, oxaloacetic acid forms aspartic acid, 
and a-ketoglutarate forms glutamic acid. If reductive amination (p. 896) is carried out in the cell, 
only the L-isomer of each amino acid will be formed. 


b. If reductive amination is carried out in the laboratory, both the D- and L-isomer of each amino 
acid will be formed. 


NH 


|| 
CH,CCOH ————- СН,СНСОН 
T Н,, РУС: | 
*NH4 
pyruvic acid alanine 
|| || МН || || 
HOCCH,CCOH ----і-»- НОССН;СНСОН 
|| 2P | 
+NH3 
oxaloacetic acid aspartic acid 
|| || МН || || 
HOCCH,CH,CCOH —— = НОССН,СН,СНСОН 
|| H5, Pd/C | 


+МН. 
glutamic acid 


Q-ketoglutaric acid 


20. 


21. 


22. 
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a. 208 = 25,600,000,000 b. 20100 


The bonds on either side of the a-carbon can freely rotate. In other words, the bond between the 
a-carbon and the carbonyl carbon and the bond between the a-carbon and the nitrogen (the bonds 
indicated by arrows) can freely rotate. 


In forming the amide linkage, the amino group of cysteine reacts with the y-carboxyl group rather 
than with the o-carboxyl group of glutamic acid. 


y-carboxyl group a-carboxyl group ycarboxyl group | 
| 
[ J i ie 
"OCCH;CH;CHCO а ан 
+МН. «МН; 
glutamate a segment of glutathione 


| ТІ) | | 
' ү! 688 Chapter 23 
NEN 
ІК 
| | | 23. Leu-Val and Val-Val will be formed because the amino group of leucine is not reactive (so 
a leucine could not be the C-terminal amino acid) but the amino group of valine would react 
E : к . : equally 
5| easily with the carboxyl group of leucine and the carboxyl group of valine. 
| Із f i £M cH | 
| тл жа уо: + жй UM — HN T —NHCHCOo- 
| СН; СН, снұсн єн, CH;CH 
| CH,CH CH; СЕЗІН Сн, 
| СН, CH; 
| N-protected leucine valine Leu-Val 
| ‚| + | ae + || И _ 
| H4jNCHCO^ + БН;МСНСО ———Ó-  H34NCHC—NHCHCO 
| снн CH,CH CH,CH CH,CH 
| ен, СН; СН; CH; 
: | valine valine Val-Val 
| 24. If valine's carboxy] group is activated with thionyl chloride, the OH group of serine, as well as the 


МН» group of serine, would react readily with the very reactive acyl halide, forming both an ester 
and an amide. 


И _ 
ll soc il еве n О 9 
"С П 2 П _ 
H,NCHCO7- E Н;МСНССІ ———— RCOCH,CHCO + RCNHCHCO 
CH(CH3) СН(СН;); МН, СН;ОН 
ester amide 


If valine's carboxyl group is activated with DCC, an imidate will be formed. Because an imidate is 
less reactive than an acyl chloride, the imidate will react with the more reactive NH» group in 
preference to the OH group. i 


TN 
ó HjNCHCO ó á 
ll DCC П И CH,OH | И _ _ 
H,NCHCO- —ÀÓ Н,МСНСО-С ——=—7—>» H,NCHC—NHCHCO + 0= . 


(СН;;СН (СНУСН мн (СН;;СН CH;OH 


an imidate ( 
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CH, C—OCOCO-CCH; + H;NCHCO" — CH,C—OCNHCHCO" 
ен, CH, Te CH, Hs ]. DCC 9 
(СНз) СН Leu (CH,),CH 2. HNCHCO 
Phe 
CH, O О О О CH, O 
| || П. 1. РСС | || | _ 
CH,C—OCNHCHCNHCHCNHCHCO “5-59 CH3C— OCNHCHCNHCHCO 
|| CH CH, СН 
CH, Ч Сн, (СН); ә gNcHCO- 3 Na 2 
(СНз)СН СН; NH, CH), NH, (CH;),CH C,H; | 
i re | 
1. DCC |2. H,NCHCO” | 
| 
CH(CH3), Val | 
q 0 i i | | 
CH4C— ОСМНСНСМНСНСМНСНСМНСНСО` 
СН CH CH, (CH duc CEDE OT 
113 | 2 2 | 2)4 (CH3); “ење 
(CHj;CH сүн; NH, 
ТЫЗ NET | | || 
CHC + CO, + HjNCHCNHCHCNHCHCNHCHCOH 
ен, ӨН? CH, (СН CH(CH; 
| (CH3)2CH C6H5 NH, 
Leu Phe Lys Val 
% а, 5.8% 
2 3 4 5 6 7 8 9 


70% 49% 34% 24% 17% 12% 8.2% 5.8% 


b. 4.4% 


M 2 3 4 s 6 7 8 9 1 п 102 B М 15 
30% 64% 51% 41% 33% 26% 21% 17% 13% 11% 8.6% 6.9% 5.5% 4.4% 
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27. 
CH, O О CH, O 


ІСТІ И _ LC | | _ 
CH,CO-ÓC| + H,NCHCO --->- CH,CO-CNHCHCO | ош 
CH; CH(CH3)2 СН; CH(CH3) 


Tee scd 
сну:0-Схнснсосн,- )— 
СН(СН;); 


CH; 
ұша” 
CH,Cl, 
CH, 
cm + CO, + поь (8 
CH, CH(CH3); 
CH, 0 H, О О 
|| И pcc | 
CH,CO-CNHCHCO  ——— custo-dandocc | 
CH; (нә, CH; єн, 
+ NH3 + NH; 
q p i 
CH,CO—CNHCHC legalo (7-0 
CH; «Нә, CH(CH3) 
«NH, 
I 
CH,Cl, 
үз | 
CHC + CO, + — ER. 
CH, (CH, СН(СН,); 
«NH, 
СН; О 9 сн; О | 
CH;CO—CNHCHCO" DS. CHy¢O—CNHCHCODCC 
ш CH; Te CH; CH, 


И СН; C,H; 
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CH, O О 
cro iced cat а а – 2-9 
CH; Tus (СН), CH(CH,), 
СЫН; *NH; 
CF4COOH 
| 
Ta i | 
CHG + CO, + нән уну нбчизнїосн, —(С_ў—@® 
Сн, CH, (CH), Сн(Сну), 
СЫН; *NH; 
F^. ell. ape HO 9 
PTAS CAN HOO | DS CH;CO—CNHCHCODCC 
CH; o СН; СН; 
(СН;)СН (СНз)›СН 


CH, O 


О 
| || || || if 
снубог-мнснімнон нон нсн оси, — 2-9 
CH; CH, CH, (CH), CH(CH3), 


CH H C,H. «NH 
NUES т : CF,COOH 
CH,Cl, 
T 71 0 9 9 | 
CH, + CO, + HANGHCNHCHCNHEHCNHGHCOCH,—{ /-Ф 
ін, CH, CH, : (CH5), CH(CH3); 


(СН;)СН СН; *NH; 


| НЕ, H,O 


О О 
+ | | il | 
H;NCHCNHCHCNHCHCNECHCOH + HOCH, e 
CH, СН, (СН), СН(СН,) 


(СН.)>СН СН; «МН; 
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28. 


29. 


30. 


31. 


32. 


Chapter 23 


О 
—мнсне— ---»- —NHCHC— = —NHCHÜ— 
CH, GH CH, 
SH SH 3: 
4 CH,COOH CH,COOH + yt 
——À ра 


Knowing that the N-terminal amino acid is Gly, look for a peptide fragment that contains Gly. 


"f" tells you that the 2nd amino acid is Arg 


"e" tells you the next two are Ala-Trp or Trp-Ala. “а” tells you that Glu is next to Ala, so 3 anc 
must be Trp-Ala and the 5th is Glu 


"g” tells you the 6th amino acid is Leu 


"В" tells you the next two are Met-Pro or Pro-Met. “с” tells you that Pro is next to Val, so 7 an 
must be Met-Pro and the 9th is Val 


"b" tells you the last amino acid is Asp 


Gly-Arg-Trp-Ala-Glu-Leu-Met-Pro-Val-Asp 


Cysteine can react with cyanogen bromide, but the lactone will not be formed, because it would be 
а strained four-membered-ring lactone and the sulfur would not be positi vely charged, causing it t 
be a poor leaving group. Without lactone formation, cleavage cannot occur. 


amounts. 


Solved in the text. 


33. 


35. 


36. 


37. 


||| 
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The data from treatment with Edman's reagent and carboxypeptidase A identify the first and last 
amino acids. 


Leu Ser 


АЛЫ mmm А m ie = = = 


The data from cleavage with cyanogen bromide identify the position of Met and identify the 
other amino acids in the pentapeptide and tripeptide but not their order. 


Г cleavage with cyanogen bromide 


Arg, Lys, Tyr 


eee [o—— чш o 


The data from treatment with trypsin put the remaining amino acids in the correct position. 


Met Phe Arg | Ser 


74 amino acids/ 3.6 amino acids per turn = 20.6 turns of the helix 
20.6x 5.4 А = 110A in an o-helix 


74 amino acids x 3.5 А = 260 А in a straight chain 


It would fold so that its nonpolar residues are on the outside of the protein in contact with the 
nonpolar membrane and its polar residues are on the inside of the protein. 


a. A cigar-shaped protein has the greatest surface area to volume ratio, so it has the highest 
percentage of polar amino acids. 


b. A subunit of a hexamer would have the smallest percentage of polar amino acids because part 
of the surface of the subunit can be on the inside of the hexamer and, therefore, have nonpolar 
amino acids on its surface. 


An amino acid is insoluble in diethyl ether (a relatively nonpolar solvent) because an amino acid | 
exits as a zwitterion at neutral pH. In contrast, carboxylic acids and amines have a single charge at 
neutral pH and, therefore, are less polar. 
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38. 


39. 


40. 


41. 


42. 


Chapter 23 


ы 


. His-Lys Leu-Val-Glu-Pro-Arg Ala-Gly-Ala 
b. Leu-Gly-Ser-Met-Phe-Pro-Tyr Gly-Val 
Val-Arg-Gly-Met-Arg-Ala Ser 


о 


d. Ser-Phe-Lys-Met Pro-Ser-Ala-Asp 
е. Arg Ser-Pro-Lys Lys Ser-Glu-Gly 


нуќснб--мнснбосн, 
CH, сн, 
бос 
О О О о О 0 
а. нобсн,снбон b. нобсн,снбо с. оссн,снбо- а. OCCH,cHE 
*NH; «NH, «NH, NH, 


is equal to the рКа of a lysine residue, the three lysine groups each have one-half a positive chai 
for a total of one and one-half positive charges. Thus, the solution must be more basic than this 


Since the mixture of amino acids is in a solution of 
charge and Glu will have an overall ne 


РН = 5 


chromatography 
———— 


43. 


45. 
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You would expect serine and cysteine to have lower pKa's than alanine since а hydroxymethyl 


and a thiomethyl group are more electron withdrawing than a methyl group. Because oxygen is 
more electronegative than sulfur, one would probably expect serine to have a lower рКа than 


cysteine. The fact that cysteine has the lower рКа can be explained by stabilization of serine's 
carboxyl proton by hydrogen bonding to the 6-OH group of serine, which causes it to have less 
of a tendency to be removed by base. 


Each compound has two groups that can act as a buffer, one amino group and one carboxyl] group. 
Thus, the compound in higher concentration (0.2 M glycine) will be a more effective buffer. 


О 
|| || || || || || 
- а. HsNCHNHCHCNHCHCNHCHCNHCHÓNHCHCO" 


CH3), CH, CH, CH, CH, CH, 
*NH, ОН сео SH қ А 


o=. \=N 
OH 


О 
+ |l || || || || || 
b. pag CN HO NBC HCN HCNHCHCNBCHCO? 


(CH), CH, CH; CH, CH, CH, 
*NH, OH 6-0 SH 


О 
* | || || || || 
с. PRWOGCNHCHCNHOHCNHBCHONHOHCNHOHGO: 


CH), CH, CH, CH, CH, сн, 
*NH, OH 


Па ев 


46. 


47. 


Chapter 23 


a. When (ће polypeptide is treated with maleic anhydride, lysine reacts with maleic anhydride, bi 
the amino group of arginine is not sufficiently nucleophilic to react. Therefore, trypsin will 
cleave only at arginine residues, since it will no longer recognize lysine residues. Trypsin also 
will not cleave the Arg-Pro bond. 


О 
|| || 
АННО = + ^ = Ь—— —NHCHC— евро“ —NHCHC- 
(CH), О о О (СВ) (Сн), 
В | NH NH 
maleic i бє | 
lysine anhydride С M) LT 
| *o CH 
C 
О = 
=0 


b. The N-terminal end of each fragment will be positively charged because of the *NH3 group, 


the C-terminal end will be negatively charged because of the COO- group; arginine residues 
Will be positively charged; aspartate and glutamate residues will be negatively charged, and 
lysine residues will be negatively charged because they are attached to the maleic acid group. 


А Gly-Ser-Asp-Ala-Leu-Pro-Gly-Ile-Thr-Ser-Arg overall charge = 0 
+ - 


+ - 


B Asp-Val-Ser-Lys-Val-Glu-Tyr-Phe-Glu-Ala-Gly-Arg 


+- - - - +- 


overall charge = -3 


C Ser-Glu-Phe-Lys-Glu-Pro-Arg 


+ - - - + - 


overall charge = -2 


D Leu-Tyr-Met-Lys-Val-Glu-Gly-Arg-Pro-Val-Ser-Ala-Gly-Leu-Trp 


* > = + т 


overall charge = -1 
c. Elution order: A > D» С> B 


First mark off where the chains would have been cleaved by chymotrypsin (C-side of Phe, Trp, 
Tyr). 


Va-Met-Ty| Ala-Cys-Ser-Phd Ala-Glu-Ser 


Ser-Cys-PhefLys-Cys-TrpfLys-TyrfCys-PhelArg-Cys-Ser 
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Then, from the pieces given, you can determine where the disulfide brides are. 


Val- Met-Tyr-Ala-ys-Ser-Phe-Ala-Glu-Ser 


S 
| 


S 
Ser-Cys-Phe-Lys-Cys-Trp-Lys-Tyr-Cys-Phe-Arg-Cys-Ser 
S—S 


48. Тһе methyl ester of phenylalanine rather than phenylalanine itself should be added in the peptide 
bond-forming step because if esterification is done after amide bond formation, both carboxyl 
groups could be esterified. Some product will be obtained in which the amide bond is formed with 
the y-carboxyl group of aspartate rather than with the a-carboxyl group. 


о CHO О CH, CH, Ө | 
HNCHCO- + CHaÇ—0C—0-C0-CCH, —= сна осмнснсо“ 
CH, CH, Сн; CH; CH; 
coo- О - Coo“ 
HjNCHCOCH, 
bu, ped 
T5 0 | | Ac Th on 
CH,C-OCNHCHCNHCHCOCH, === сн,с-осмнснсо-с 
CH; — CH сн; CH; св NH 
COO" | COO" 
св соов сво; 
q NT | 
CHC + со, + HsNCHC—NHCHCOCH, 
— CH; CH; св, 


M COO 
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49. 


50. 
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Ser-Glu-Leu-Trp-Lys-Ser-Val-Glu-His-Gly-Ala-Met 
From the experiment with carboxypeptidase, we know the C-terminal amino acid is Met. 
q tells us the amino acid adjacent to Met is Ala 

“е” tells us the next amino acid is Gly 

“b” tells us the next amino acid is His 

“g” tells us the next amino acid is Glu 

“j” tells us the next amino acid is Val 

“с” tells us the next amino acid is Ser 

“i” tells us the next amino acid is Lys 

“a” tells us the next amino acid is Trp 

“h” tells us the next amino acid is Leu 

“k” tells us the next amino acid is Glu 


“k” tells us the next (first) amino acid is Ser 


е 


The рКа of ће carboxylic acid of the dipeptide is higher than the рКа of the carboxylic acid of ће 


amino acid because the positively charged amino group of the amino acid is more strongly electron 
withdrawing than the amide group of the Ye peptide, This causes the amino acid to be a stronger acid 
апа have a lower рКа, | 


+ il : ЖЕН! [ 
НУМСН›СОН H,NCH,CNHCH,COH 


№ higher 


The рКа of the amino group of the peptide is lower than the рКа of the amino group of the amino 


acid because the amide group of the peptide is more strongly electron withdrawing than the 
carboxylate group of the amino acid. 


+ il DT И _ 
H,;NCH,CO™ H4NCH;CNHCH;CO 


lower 


51. 


52. 
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Finding that there is one less spot than the number of amino acids tells you that the spots for two of 
the amino acids superimpose. Since leucine and isoleucine have identical polarities, they are good 
candidates for being the amino acids that migrate to the same location. 


Val (pI = 5.97), Trp (pI = 5.89), and Met (pI = 5.75) can be ordered based on their pI values 
because the one with the greatest p/ will be the one with the greatest amount of positive charge at 
pH =5. 


electrophoresis 
pH =5 


chromatography 
= ai 


Oxidation of dithiothreitol is ап intramolecular reaction so it occurs with a larger rate constant than 
the oxidation of 2-mercaptoethanol, which is an intermolecular reaction. The reverse reduction 
reaction should occur with about the same rate constant in both cases. Increasing the rate of the 
oxidation reaction while keeping the rate of the reduction reaction constant is responsible for the 
greater equilibrium constant, since Keq = КИК]. 


2 HOCH,CH,SH ~~~ HOCH,CH,S—SCH,CH,OH 
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и 53. 
| О NH, Е NH, " +NH, 
|| МН || - Сем | Н | 

а RCH  ——» RCH — ^  RCHCEN -ġo RCHCOOH 

Я қ 2 

intermediate] — . intermediate II 

њ 4 qu 
b. CH,;CHCH,CH э CEBEECEDO HCDOE 
3-methylbutanal «МН; 
leucine 
үз 9 СН; 
с. СН.СН-СН — ЗА Hed 
2-methylpropanal «МН; 
valine 
54. 
molar absorptivity = 

amino acid Absorbance at 280 nm absorbance/concentration 
tryptophan 0.61 610 
tyrosine. 0.15 150 
phenylalanine 0.01 1 


55. Тһе spot marked with an X is the peptide that is different in the normal and mutant polypeptide. 
The spot is closer to the cathode, indicating that the substituted amino acid in the mutant has a 
higher pI and is less polar. 


The fingerprints are those of hemoglobin (normal) and sickle-cell hemoglobin (mutant). 

In sickle-cell hemoglobin, a glutamate in the normal polypeptide is substituted with a valine. 
This agrees with our observation that the substituted amino acid is less negative and more 
nonpolar. (See the discussion of sickle cell anemia on page 1131 of the text.) 


ut © о © 
Мө) 

И | 
z Е 
4 у 
[^^] 

- | @°0G : OOo 
= 2 

ім Е | 

' 8 normal 9 mutant 

id © 


© 


Paper chromatography © Paper chromatography 
Дб > 
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56. 
а. Acid-catalyzed hydrolysis indicates the peptide contains 12 amino acids. 


— — о —  — — —— | | — — — — — 


“------- -““-“- -... eel 
— 00 — о — о о о || «ес — 


c. Treatment with carboxypeptidase A indicates that Ala is the C-terminal amino acid. 
ЕР vcr ee a 121 


d. Treatment with cyanogen bromide indicates that Met is the 5th amino acid with Arg, Gly, 
Ser in an unknown order in positions 2, 3, and 4. 


Arg, Gly, Ser 


e. Treatment with chymotrypsin indicates that Tyr is the 6th amino acid, Phe is the 10th, and Ser the 11th. 


Arg, Gly, Ser 


The tetrapeptide that contains Phe, also contains Pro and 2 Lys. Cleavage would not have occurred 
at Tyr if it had been adjacent to Pro. Therefore, the 7th amino acid is Lys. 


Arg, Gly, Ser Pro, Lys . 


f. Treatment with trypsin indicates that Arg is the 3rd amino acid, and Ser is 2nd and Gly 4th. 
Val Ser Arg Gly Met Tyr Lys Phe Ser Ala 


Pro, Lys 


Since trypsin catalyzed cleavage between the 7th and 8th amino acids, Lys must be 
the 8th amino acid, since cleavage would not have occurred at Pro. 


Val Ser Arg Gly Met Tyr Lys Lys Pro Phe Ser Ala 
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54. 


55. 


Chapter 23 
О МН, » NH, 2 +NH, 
|| МН || (== | Н | 
аа RCH = ВСН === RCHCEN — > RCHCOOH 
. ; 2 
intermediateI — . intermediate II 
CH; 9 сн: 
b. CH;CHCH,CH —— HCC HOO 
3-methylbutanal +NH, 
leucine 
(Hs 9 СН; 
€ СН;СН--<СН — Сен НОО 
2-methylpropanal «Мн; 
valine 
molar absorptivity = 
amino acid Absorbance at 280 nm absorbance/concentration 
tryptophan 0.61 610 
tyrosine 0.15 150 
phenylalanine 0.01 1 


The spot marked with an X is the peptide that is different in the normal and mutant polypeptide. 
The spot is closer to the cathode, indicating that the substituted amino acid in the mutant has a 
higher рГ and is less polar. 


The fingerprints are those of hemoglobin (normal) and sickle-cell hemoglobin (mutant). 

In sickle-cell hemoglobin, a glutamate in the normal polypeptide is substituted with a valine. 
This agrees with our observation that the substituted amino acid is less negative and more 
nonpolar. (See the discussion of sickle cell anemia on page 1131 of the text.) 


a © a © 

i " 

z Е 

о | & 

i| ®“Осо f ee 
E normal 5 mutant 
29 © 


e 


Paper chromatography e Paper chromatography 
————- ———=»- 
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57. 


58. 
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а. The C-terminal end of the protein contains 3 nonpolar amino acids and 4 polar amino acids, 
Each of the seven amino acids has two atoms that can form hydrogen bonds for a total of 14 
atoms that can form hydrogen bonds. Gln and Asp each have two additional groups, and each 
serine one additional group that can form hydrogen bonds. Thus, the terminal end of the protein 
has 3 hydrophobic groups and can form 20 hydrogen bonds. So there are 20 hydrogen bonds 
formed between protein groups and water that must be broken before the protein groups can 
hydrogen bond to each other. So 20 hydrogen bonds are broken and 20 hydrogen bonds are 
formed (10 hydrogen bonds from 20 atoms involved in intramolecular hydrogen bonds, and 10 
hydrogen bonds from 20 liberated water molecules forming hydrogen bonds with each Other), 


Thus AG? comes only from removing the three hydrophobic groups from water (3 x 4) =-12 
kcal/mol. 


b. If two of the polar groups do not form intramolecular bonds in the interior of the protein, 
20 hydrogen bonds will be broken, but only 19 will be formed, so AG? = -12 + 3 = 


—9 kcal/mol. 


| || || || || || И - 
A COS RT HOHER HODHI HONEC HONHOHONHCHCO 


CH, CH, ÇH, CH, R R R 
СН) C=O OH OH 

б-о бн 

NH, 


Because the native enzyme has four disulfide bridges, the denatured enzyme has eight cysteine 
residues. The first cysteine has a 1 in 7 chance of forming a disulfide bridge with the correct 
cysteine. The first cysteine of the next pair has a 1 in 5 chance, and the first cysteine of the third 
pair has a 1 in 3 chance. 


zb X _1_ X |. = 0.0095 
7 5 3 


If disulfide bridge formation were entirely random, the recovered enzyme should have 0.95% of its 
original activity. The fact that the enzyme Professor Gold recovered had 80% of its original activity 
proves her hypothesis that disulfide bridges form after the minimum energy conformation of the 
protein has been achieved. In other words, disulfide bridge formation is not random but is 
determined by the tertiary structure of the protein. 
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Chapter 23 Practice Test 


1. Give the structure of the following amino acids at pH = 7: 

a. glutamic acid b. lysine c. isoleucine d. arginine e. asparagine 
2. Draw the form of histidine that predominates at: 

a. pH=1 b. pH = 4 c. pH = 8 d. РН= 11 
3. Answer the following: 


a. Alanine has а pI = 6.02 and serine has a pI = 5.68. Which would have the highest 
concentration of positive charge at pH = 5.50? 


b. Which amino acid is the only one that does not have a chirality center? 
c. Which are the two most nonpolar amino acids? 


d. Which amino acid has the lowest pI? 


4. Why does the carboxyl group of alanine have a lower pK, than the carboxyl group of 
propanoic acid? 


И _ | _ 
СНЗСНСО` pK,-22 С CH,CH,CO рка=47 
«МН; ~ propanoic acid 
alanine 


5. Indicate whether each of the following is true or false: 


a. A cigar-shaped protein has a greater percentage of polar residues than a 
spherical protein. 


T F 
b. Naturally occurring amino acids have the L-configuration. 
F 
с. There is free rotation about a peptide bond. 
T F 


6. Give the compound obtained from mild oxidation of cysteine. 


704 Chapter 23 


7. Define the following: 


a. the primary structure of a protein 


b. the tertiary structure of a protein 


c. the quaternary structure of a protein 


8. Identify the spots. 


1 2 Asp 
| 5 пе 
| <= 
| ан Гуз 
n 2. 

ВЕ Phe 

о 

= Зег 

^ Tyr 

© chromatography 
— 
9, Calculate the pI of each of the following amino acids: 
a. phenylalanine (pK,'s = 2.16, 9.18) b. arginine (pK,'s = 2.17, 9.04, 12.48) 


10. From the following information, determine the primary sequence of the decapeptide: 


a. Acid hydrolysis gives: Ala, 2 Arg, Gly, His, Ile, Lys, Met, Phe, Ser 
b. Reaction with Edman's reagent liberated Ala 
c. Reaction with carboxypeptidase A liberated Ile 


d. Reaction with cyanogen bromide (cleaves on the C-side of Met) 
1. Gly, 2 Arg, Ala, Met, Ser 
2. Lys, Phe, Ile, His 


e. Reaction with trypsin (cleaves on the C-side of Arg and Lys) 


1. Arg, Gly 
2. Ile 


3. Phe, Lys, Met, His 
4. Arg, Ser, Ala 


f. Reaction with thermolysin (cleaves on the N-side of Leu, Ile, Phe, Trp, Tyr) 
Е 1. Lys, Phe 
2. 2 Arg, Ser, His, Gly, Ala, Met 
3. Ile 


СНАРТЕК 24 
Catalysis 


Important Terms 
acid catalyst 


active site 


acyl-enzyme intermediate 


anchimeric assistance 


(intramolecular catalysis) 


base catalyst 


catalyst 
catalytic antibody 


covalent catalysis 
(nucleophilic catalysis) 


effective molarity 


electrophilic catalyst 
electrostatic catalysis 
enzyme 


gem-dialkyl effect 


general-acid catalysis 


general-base catalysis 


induced fit model 


intramolecular catalysis 


(anchimeric assistance) 


lock-and-key model 


Metal-ion catalysis 


a catalyst that increases the rate of a reaction by donating a proton. 
a pocket or cleft in an enzyme where the substrate is bound. 


an amino acid residue of an enzyme that has been acylated while catalyzing 
a reaction. 


catalysis in which the catalyst that facilitates the reaction is part of the 
molecule undergoing reaction. 


a catalyst that increases the rate of a reaction by removing a proton. 


a substance that increases the rate of a reaction without itself being 
consumed in the overall reaction. 


a compound that facilitates a reaction by forcing the conformation of the 
substrate in the direction of the transition state. 


catalysis that occurs as a result of a nucleophile forming a covalent bond 
with one of the reactants. 


the concentration of the reagent that would be required in an intermolecular 
reaction for it to have the same rate as an intramolecular reaction. 


an electrophile that facilitates a reaction. 
stabilization of a charge by an opposite charge. 
a protein that is a catalyst. 


two alkyl groups on a carbon whose effect is to increase the probability that 
the molecule will be in the proper conformation for ring closure. 


catalysis in which a proton is transferred to the reactant during the slow 
step of the reaction. 


catalysis in which a proton is removed from the reactant during the slow 
step of the reaction. 


a model that describes the specificity of an enzyme for its substrate: the 
shape of the active site does not become completely complementary to the 
shape of the substrate until after the enzyme has bound the substrate. 


catalysis in which the catalyst that facilitates the reaction is part of the 
molecule undergoing reaction. 


a mode] that describes the specificity of an enzyme for its substrate: the 
substrate fits the enzyme like a key fits into a lock. 


catalysis in which the species that facilitates the reaction is a metal ion. 
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molecular recognition 


nucleophilic catalysis 
(covalent catalysis) 


nucleophilic catalyst 

oxocarbenium ion 

pH-activity profile 
or 

pH-rate profile 


relative rate 


site-specific mutagenesis 


specific-acid catalysis 


specific-base catalysis 


substrate 


transition-state analog 


the recognition of one molecule by another as a result of specific 
interactions; for example, the specificity of an enzyme for its subst 


catalysis that occurs as a result of a nucleophile formin g a covalent 
with one of the reactants. 


a catalyst that increases the rate of a reaction by acting as a nucleor 
an ion in which the positive charge is shared by a carbon and an ox 
а plot of the activity of an enzyme as a function of the pH of the rez 
mixture. 

obtained by dividing the actual rate constant by the rate constant of 
slowest reaction in the group being compared. 


a technique that substitutes one amino acid of a protein for another. 


catalysis in which the proton is fully transferred to the reactant befo 
slow step of the reaction. 


catalysis in which the proton is completely removed from the reactz 
before the slow step of the reaction. 


the reactant of an enzyme-catalyzed reaction. 


а compound that is structurally similar to the transition state of an е 
catalyzed reaction. 
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Коп to Problems 


| АНТ, Ea, AST: АСТ, krate (These аге the parameters that measure the difference in energy 


id 
E^ between the reactant and the transition state.) 
1 
in > Note that (1) and (2) have only the first phase (because the final product of the reaction is a 
=" tetrahedral intermediate), (3) has only the second phase (because the initial reactant is a 
d tetrahedral intermediate) and (4) has both the first and second phases. 
| 
First Phase 
.. + 
Qr N (№. гон он он 
" E R—C—OCH, ER R—C—OCH, >>?" R~C—OCH; Te к—с—осн, 
254 * 
acid-catalyzed ester hydrolysis + ga J OH + HB* 
0:7 № Ó OH OH 
| 


+ _ | | 
(1) Е-С-Е = mR—C-—R — R—C—R — R—C—R 


oua +ОН ОН + НВ 
пе- Н 


M QU \ A, © OH он OH 
Q)R=con ЖБ kb- ——- R—C—H — » R—C-—H 


H 
TAMEN (% COOH | он 


ОН 
|| H—B* | | 
(4) К--С--МНСН; --»- R—C—NHCH, но R—C—NHCH; = R~C—NHCH; 
2 e. * 


OH + HB' 
+ A OH 


a. similarities: the first step is protonation of the carbonyl compound, the second step is attack 


of a nucleophile on the protonated carbonyl compound, and the third step is loss of a proton. 
b. differences: the carbonyl compound that is used as the starting material, and the nucleophile 
d that is used in (2) is an alcohol rather than water. . 


"rp 
| | | | т Second Phase 
PEST OH “ОН 
| | : R | на С +ОН F 
| ОН ОН 
| n acid-catalyzed ester hydrolysis 
Н ( 
E | бн СҮ Ñ, eon < осн, OCH, 
| ua Та la 


сн,бн%7%-н 8 
осн, Сосн, қы; +OCH, 

на У 
ИК“ 


a. similarities: (ће first step is protonation of 


the tetrahedral intermediate, and the secon 
elimination of a group from the tetrahedral intermediate. In two of the three reactions 
third step is loss of a proton. 


minated from the tetrahedral intermediat 
‚ the third Step is not loss of a 
Proton to lose, In 


roton because the intermediate does no 
Stead, the third step is attack of 
Proton. 


Solved in the text. 
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5 Hydroxide ion catalyzes formation of the tetrahedral intermediate by acting as a nucleophilic 
| catalyst. (It is a better nucleophile than water.) Hydroxide ion catalyzes collapse of the 
О tetrahedral intermediate by acting as а specific-base catalyst. It removes а proton from the 
neutral tetrahedral intermediate, creating a negatively charged oxygen. It is easier for a 
negatively charged oxygen to expel a leaving group because the transition state is more stable 
А than the transition state formed from a neutral oxygen, which would have а partial positive 
charge on the oxygen. 


eo 7 


T :0: О 
C—OCH,CH, = үз 
or a ——— О ——= О 
0 CH,O+H 
HB* 


“C~ + СН;СН;ОН 
+ :В + :В 
Базе 

epis 

7. 
п 1.5 х 106 ѕ-1М-! 

SK $ 

уез —————— >) 6 
fa 0.6 5—1М-1 RRAS 

8. The metal ion catalyzes the decarboxylation reaction by complexing with the negatively charged 


oxygen of the carboxyl group and carbonyl oxygen of the f-keto group, thereby making it easier 
for the carbonyl oxygen to accept the electrons that аге left behind when CO3 is eliminated. 


O CH, O 


Because acetoacetate and the monoethy] ester of dimethyloxaloacetate do not have a negatively 
charged oxygen on one carbon and a carbonyl group on an adjacent carbon with which to form a 
complex, a metal ion does not catalyze decarboxylation of these compounds. 
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Co?* can catalyze the reaction in three different ways. It can complex with the reactant, 
increasing the susceptibility of the carbonyl group to nucleophilic attack. It can also com lex 
with water, increasing the tendency of water to lose a proton, resulting in a stron 


| P ronger nucleophile 
for hydrolysis. And it can complex with the leaving group, decreasing its basicity and thereby 
making it a better leaving group. 


i \. Sa Cot, 
HN :0 HN 4%» | о 


t 
| | 
СН;--С-МН, —— CH,— 


Џ 
[ А 
со --- H NCH,COH + NH, 
Ы ) НО-_ “ 


--. + 
"^ ‚бы! р Со 1 
Có—OH, == С%---ОН + H 


+ 
Со. 
~ 


| ~ 
і 


"e 
HjNCH,CO + NH, 


“ 


10. Because the reacting groups in the trans isomer are pointed in opposite directions, they cannot 


react in an intramolecular reaction. Because they can only react via an intermolecular pathway, 
they will have approximately the same rate of reaction as they would have if the reacting groups 


were in separate molecules. Consequently, the relative rate would be expected to be close to 
one. 


11. a. The nucleophile can attack the back side of either of the two ring carbons to which the 


sulfur is bonded, thereby forming two trans products. There are two nucleophiles (water 
and ethanol), so a total of four products will be formed. 
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12. Solved in the text. 
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13. The tetrahedral intermediate has two leaving groups, a carboxylate ion and a phenolate ion. 
The carboxylate ion is a weaker base (a better leaving group) than the phenolate ion, so the 
tetrahedral intermediate re-forms A. The 2,4-dinitrophenoxide ion is a weaker base (better 
leaving group) than the carboxylate ion, so the tetrahedral intermediate forms B. 


14. If the ortho-carboxyl substituent acts as an intramolecular general-base catalyst, 180 would not 
be incorporated into salicylic acid. 


qn 


| | 
CH4CO —= CH;CO --->- СЊС-0 
18ОН +8 ОН 
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salicylate 


If the ortho-carboxyl substituent acts as an intramolecular nucleophilic catalyst, 180 would be 
incorporated into salicylic acid. 
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15. 


16. 
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Not all the salicylic acid would contain 180, because the anhydride intermediate сап be 
hydrolyzed in two different ways. 


Ser-Ala-Phe would be more readily cleaved by carboxypeptidase A because the phenyl 
substituent of phenylalanine would be more attracted to the hydrophobic pocket of the enzyme 
than would the negatively charged substituent of aspartate. 


Glu 270 attacks the carbonyl group of the ester, forming a tetrahedral intermediate. Collapse c 
the tetrahedral intermediate is most likely catalyzed by a general-acid group of the enzyme in 
order to increase the leaving ability of the RO group. (Perhaps the HO substituent of tyrosine i 
close enough in the esterase to act as the catalyst.) The group that donates the proton can then 
act as a general-base catalyst to remove a proton from water as it hydrolyzes the anhydride. 
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| Because arginine extends farther into the binding pocket, it must be the one that forms direct 
Ш hydrogen bonds. Lysine, which is shorter, needs the mediation of а water molecule in order to 
engage in bond formation with aspartate. 


arginine lysine 
e Ci 
pa oh 
CH, ТА 
Н СН 
1 847 +l í 
m im 
| Н. Н Н H 
6 “М КУ у ` 
г. N HOCH, н-9 HOCH, 
I А П H 
$ -О 1 5 -о 2 
\ 0-5 а 0-8 
\ 4 \ 4 


18, Тһе side chains of D-Arg and D-Lys are not positioned to bind correctly at the active site. 


19. МАМ would contain О because it is the ring that would undergo nucleophilic attack by НО. 
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2, Lemon juice contains citric acid. Some of the side chains of an enzyme will become protonated 
in an acidic solution. This will change the charge of the group (for example a negatively charged 
aspartate, when protonated, becomes neutral), and because the shape of an enzyme is 
determined by the interaction of the side chains, changing the charges of the side chains will 
cause the enzyme to undergo a conformational change that leads to denaturation. When the 
enzyme is denatured, it loses its ability to catalyze the reaction that causes apples to turn brown. 


‘c= 
| 


== 1. [n the absence of imine formation, D-fructose isomerizes to D-glucose and D-mannose (an 


carbon is formed at C-2 and it can have either the R or the S confi guration. Enzyme catalyzed 
reactions аге enantioselective—the enzyme catalyzes the formation of a single enantiomer of a 
pair. Thus D-fructose isomerizes only to D-glucose. 


" equilibrium is set up between D-fructose, D- glucose, and D-mannose) because a new asymmetric 
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i 22. It could be lysine (pK, = 10.79), tyrosine (pK, = 10.07), or cysteine (pK, = 8.33). The fact that 


the pK, is given by a descending leg means that the side chain of the amino acid is functioni 


Ng as 
a general-acid catalyst. 


23. The positively charged nitrogen atom of the imine serves as an electron sink to accept the 
electrons that are left behind when the C3-C4 bond breaks. 


In the absence of the imine, the electrons would be delocalized onto a neutral oxygen. The 
neutral oxygen is not as electron withdrawing as the positively charged nitrogen. In other words, 
the electron sink that is present as a result of imine formation makes it easier to break the C—C 


bond. 
2- 
CH;OPO; снове 
ГО? A olor 
HO C—H || 


ЕҚ HO--C—H 
H-C4OMH N 5-0 З-снтя 
н-с-он 
CH;OPO7 Homo HO CH;-Tyr 


24. — In order to break the C3-C4 bond, the carbonyl group has to be at the 2-position as it is in 
fructose, so it can accept the electrons; the carbonyl group at the 1-position in glucose cannot 
serve as an electron sink. Therefore, glucose must isomerize to a ketose, so the carbonyl group 
will be at the 2-position. 

HC=0 No CHOH 

20 C=O 
С то Z 
Hogg- HOV&C-H 4 


H—C-—0--H н-(-“озн 
H—C—OH H—C—OH 
- 2- 
СН;ОРОЗ CH;OPOj 
glucose-6-phosphate fructose-6-phosphate 
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25. Cysteine residues are known to react with iodoacetic acid. If a cysteine residue is at the active 
site of the enzyme, adding a substituent to the sulfur atom could interfere with the enzyme's 
being able to bind the substrate or it could interfere with positioning the tyrosine residue that is 
involved in catalyzing the reaction. Adding a substituent to cysteine might also cause a 
conformational change in the enzyme that could destroy its activity 


А N 


.. || | _ 
Cys-CH;SH +  F.CH,CO --»- Суз—СН)5СНСО + Г +н' 


26. Тһе following compound will lose HBr more rapidly because the negatively charged oxygen is 
in position to act as an intramolecular general-base catalyst. 


Дуа — 


+ Br 
iH :0H CH; 


27. The compounds shown below will be the more reactive because the methyl substituent causes the 
reacting groups (COOH and ОН) to stay in a more favorable conformation for reaction. 


Н.С. „СООН н он 


а - OH 2 COOH 
| CH; 


28. The compound shown below will form a lactone more rapidly because it forms a five-membered- 
ring lactone, which is less strained and than the seven-membered-ring lactone formed by the 
other compound. The greater stability of the five-membered-ring product will cause the 
transition state leading to its formation to be more stable than the transition state leading to the 
seven-membered-ring product. 
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29. Іп order to hydrolyze an amide, the NH? group in the tetrahedral intermediate has to leave іп 
preference to the less basic OH group. This can happen if the NH2 group is protonated because 
%МН is a weaker base and, therefore, easier to eliminate than OH. Of the four compounds, two 


have substituents that can protonate the NH» by acting as general-acid catalysts, ortho-carboxy. 
benzamide and ortho-hydroxybenzamide. 


T i 1 i 
(2-9 (20-9, CNH, CNH, 


COH CH OH 
А ortho-hydroxybenzamide 
ortho-carboxybenzamide 


Because the carboxy group is electron-withdrawing and the phenolic OH group is electron- 
donating, formation of the tetrahedral intermediate will be faster for o-carboxybenzamide. 
Because the carboxy group is a stronger acid than the phenolic OH group, the tetrahedral 
intermediate of o-carboxybenzamide will collapse to products faster. Therefore, the 
o-carboxybenzamide has the faster rate of hydrolysis. 


ОН (298 
C—OH C—OH 
ка НЫ; 
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30. 


БЛИН [X 
а. СН;СН;5СН;СН;--СІ intramolecular nucleophilic catalysis 


intramolecular general-acid catalysis 


C? The OH substituent is protonating the 
leaving group as it departs, causing it 

OH to be a weaker base and, thus, a better 
leaving group. 


31. If the ortho-carboxy substituent is acting as a general-base catalyst, the kinetic isotope effect 
will be greater than 1.0 because an OH (or OD) bond is broken in the slow step of the reaction. 
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If the ortho-carboxy] substituent is acting as a nucleophilic catalyst, the kinetic isotope effect 
will be about 1.0 because an OH (or OD) bond is not broken in the slow step of the reaction. 
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<= 
CH4C 
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32. Because the catalytic group is а general-acid catalyst, it will be active in Из acidic form and 
inactive in its basic form. The pH at the midpoint of the curve corresponds to the рКа of the 


group responsible for the catalysis. 


Activity 


33. Co% can catalyze the hydrolysis reaction by complexing with three nitrogen atoms in the 
substrate as well as with water. Complexation increases the acidity of water, thereby providing 
a stronger nucleophile for the hydrolysis reaction. Complexation with the substrate locks the 
nucleophile into the correct position for attack on the carbonyl carbon. 
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35. 


“Tyr 


Chapter 24 719 


There are two possible mechanisms that involve morpholine as a nucleophilic catalyst that can 
account for the observed catalysis by morpholine. In the absence of morpholine, the first step in 
the reaction is attack of water on the ester. In the presence of morpholine, the first step in the 
reaction (in both mechanisms) is attack of morpholine on the aldehyde, which is a faster reaction 
because morpholine is a stronger nucleophile than water and an aldehyde is more susceptible to 
nucleophilic attack than an ester. 


In one mechanism, the negatively charged aldehyde oxygen (which is a much stronger 
nucleophile than water) is then the nucleophile that attacks the ester. The tetrahedral 
intermediate collapses to form a lactone. Imine formation followed by imine hydrolysis gives 
the final product. 


О ( О: (PCE O + CHOH 
О | 
|| / \ 
ф Я НМ О С--м» О 
СО” ue Е 
|| CO 
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In thé other mechanism, the reaction of morpholine with the aldehyde forms an imine. The 
positively charged imine makes it easier for water to attack the ester by stabilizing the negative 
charge that develops on the oxygen. Collapse of the tetrahedral intermediate and hydrolysis of 
the imine form the final product. 
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38. | At pH = 12, the nucleophile is hydroxide ion. Attack of hydroxide ion on the carbonyl group is 
faster in А because the negative charge that is created in the tetrahedral intermediate is stabilized 


by the positively charged nitrogen. 


ње | E HC. ER 
<) 20% “ен, - ен, 
А O—CH, т оса, 
HO: Ж HO: B 


At pH = 8, the nucleophile is water. Attack of water on the carbonyl group is faster in B because 
the amino group can act as a general-base catalyst to make water a better nucleophile. 
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39. а. The cis reactants each undergo a direct $ м2 reaction. Because the acetate displaces the (ову! 
group by backside attack, each cis reactant forms a trans product. 


О 
nl. ic ЇЇ. - 
CH4CO: єн, CH3CO: сн; 
с= E 
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он Тз 9 но 
i = = E 
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b. The acetate group in a trans reactant is positioned to be able to displace the tosyl leaving 
group by an intramolecular SN2 reaction. Acetate ion then attacks in a second 52 reaction 
from the backside of the group it displaces, so trans products are formed. Because both trans 
reactants form the same intermediate, they both will form the same product. Because the 
acetate ion can attack either of the carbons in the intermediate equally as easily, a racemic 
mixture will be formed. 


| c. The trans reactant is more reactive because the tosyl leaving group is displaced in an 
intramolecular reaction, forming a positively charged cis intermediate that is considerably 
more reactive than the neutral cis isomer. 
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40. 


41. 
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А possible mechanism for hydrolysis of the phosphodiester is for Arg to neutralize the Negative 
charge on the phosphate group so a negatively charged nucleophile can approach it. (See Figure 
27.5 on page 1117 of the text.) Ca2* increases the acidity of water, forming metal-bound 
hydroxide ion that is a stronger nucleophile than water. Glu can function as a general-acid 


catalyst, donating a proton to the leaving group, thereby decreasing its basicity and making it a 
better leaving group. 


Са” Са2% 
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05 ROW! “ов RO^ | "OR 
|| 
ОЕ ! 
70 | H--O—C—CH,CH,-. 
*NH, 


HjNCNHCH;CH,CH,-Arg 


Reduction of the imine linkage with sodium borohydride causes fructose to become permanently 
attached to the enzyme because the hydrolyzable imine bond has been lost. Acid-catalyzed 
hydrolysis removes the phosphate groups and hydrolyzes the peptide bonds, so the radioactive 


fragment that is isolated after hydrolysis is the lysine residue (covalently attached to fructose) of 
the enzyme that originally formed the imine. 


СЊОРОХ NH CH,OPO; NH 
14C=N—(CH,),—CH HC-NH—(CH,),—CH 
HO—C—H бео XPH Ho-t- с-о 
H—C—0—H NH H—C—0-H NH 
H—C—OH | H—C—OH 
CH,0PO? CH;OPOT 
нуно 
CH,OH “ын; 
4¢6-NH—(CH,),—CH 
HO—C—H с=о 
H—C—0-—H OH 
H—C—OH 


CH,OH 


Chapter 24 723 


42. а. 3-Amino-2-oxindole catalyzes the decarboxylation of an a-keto acid by first forming an 
imine that is followed by a prototropic shift. 


HB* 
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b. 3-Aminoindole would not be as effective a catalyst, because the electrons left behind when 
CO» is eliminated cannot be delocalized onto ап electronegative atom. 
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43. 
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а. Intramolecular nucleophilic attack оп an alkyl halide occurs more rapidly than intermolecular 
attack on an alkyl halide, because the reacting groups are tethered together in the former. 
The intramolecular reaction is followed by another relatively rapid reaction, because the 
strain in the three-membered ring causes it to break easily. 
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glyceraldehyde-3-phosphate 
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The Organic Mechanisms of the Coenzymes * Metabolism 


Important Terms 


anabolism 


apoenzyme 


biotin 
catabolism 


coenzyme 
coenzyme А 


coenzyme В12 
cofactor 

competitive inhibitor 
dehydrogenase 


electron sink 


flavin adenine dinucleotide 


(FAD) 


flavin mononucleotide 
(FMN) 


heterocycle 


holoenzyme 
lipoate 


mechanism-based 
inhibitor 


metabolism 


metalloenzyme 


the reactions living organisms carry out that result in the synthesis of 
complex biomolecules from simple precursor molecules. 


an enzyme without its cofactor. 


the coenzyme required by enzymes that catalyze carboxylation of a car 
adjacent to an ester or a keto group. 


the reactions living organisms carry out to provide energy and simple 
precursor molecules for synthesis. 


a cofactor that is an organic molecule. 
а thiol used by biological organisms to form thioesters. 


the coenzyme required by enzymes that catalyze certain rearrangement 
reactions. 


an organic molecule or a metal ion that an enzyme needs in order to 
catalyze a reaction. 


а compound that inhibits an enzyme by competing with the substrate foi 
binding at the active site. 


an enzyme that carries out an oxidation reaction by removing hydrogen 
from the substrate. 


а site to which electrons can be delocalized. 


a coenzyme required in certain oxidation reactions. It is reduced to FAD 
which is a coenzyme required in certain reduction reactions. 


а coenzyme required in certain oxidation reactions. It is reduced to 
ЕММН», which is a coenzyme required in certain reduction reactions. 


a cyclic compound in which one or more of the ring atoms is an atom otl 
than carbon. 


an enzyme plus its cofactor. 
a coenzyme required in certain oxidation reactions. 


an inhibitor that inactivates an enzyme by undergoing part of the normal 
catalytic mechanism. 


reactions living organisms carry out in order to obtain the energy they ne 
and to synthesize the compounds they require. | 


an enzyme that has a tightly bound metal ion. 


nicotinamide adenine 
dinucleotide (NAD*) 


nicotinamide adenine 
dinucleotide phosphate 


(NADP*) 
nucleotide 


pyridoxal phosphate 


suicide inhibitor 
(mechanism-based 
inhibitor) 


tetrahydrofolate 
(THF) 


thiamine pyrophosphate 


(TPP) 


transamination 


transimination 


vitamin 


vitamin КН? - 
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а coenzyme required in certain oxidation reactions. It is reduced to NADH, 
which is a coenzyme required in certain reduction reactions. 


a coenzyme required in certain oxidation reactions. It is reduced to 
NADPH, which is a coenzyme required in certain reduction reactions. 


a heterocycle attached in the f-position to a phosphorylated ribose. 


the coenzyme required by enzymes that catalyze certain transformations of 
amino acids. | 


а compound that inactivates an enzyme by undergoing part of its normal 
catalytic mechanism. 
the coenzyme required by enzymes that catalyze a reaction that donates a 


group containing a single carbon to its substrate. 


the coenzyme required by enzymes that catalyze a reaction that transfers a 
two-carbon fragment to its substrate. 


a reaction in which an amino group is transferred from one compound to 
another. 


the reaction of a primary amine with an imine to form a new imine and a 
primary amine derived from the original imine. 


a substance needed in small amounts for normal body function that the 
body cannot synthesize or cannot synthesize in adequate amounts. 


the coenzyme required by the enzyme that catalyzes the carboxylation of 
glutamate side chains. 
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| | Solutions to Problems 


1. The metal ion (217) makes the carbonyl carbon more susceptible to nucleophilic attack, 


increases the nucleophilicity of water by making it more like a hydroxide ion, and stabilizes the 
negative charge on the transition state. 


2. FAD contains a diphosphate linkage. One of the phosphate groups comes from FMN and the 
other comes from ATP. Since ATP uses only one of its three phosphate groups in forming FAD, 
the other product of the reaction must be pyrophosphate to account for loss of the two 
phosphate groups. In other words, the phosphate group of FMN must attack the a-phosphorus of 
ATP, eliminating pyrophosphate. (See pages 714 and 1114 of the text.) 


pyrophosphate 


3. a. FAD has seven conjugated double bonds. (The conjugated double bonds are indicated *.) 


R 
[ 


Н.С * „М sN О 
2 Н 
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b. FADH, has three conjugated double bonds. It also has two conjugated double bonds that are 
isolated from the other three. 


R 
H4C * N N O 
3 
Н.С * М NE 
3 * 
H О 


4. The mechanism for reduction of lipoate by FADH, is the reverse of the mechanism for 


oxidation of dihydrolipoate by FAD. Because the pK, of the N-1 hydrogen is 7, FADH; is 
present in both the acidic and basic forms at physiological pH (7.3). 


R у “ока = 7 
i H 


R 
| sec 
HC МА Z0 Н.С м. ДК о 
Г ары Е 
Н.С М ИН Н.С М МН 
3 Н Ц 3 Н | 
Lr aS. 


5. Solved in the text. 
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When а proton is removed from the methyl group at C-8, the electrons that are left behind 
сап be delocalized onto the oxygen at the 2-position or onto the oxygen at the 4-position. 


ut R 
С-8 EEE A, N an 
ЖА els 

Н.С N 


When a proton is removed from the methyl group at C-7, the electrons that are left behind can 
delocalized only onto carbon atoms that, being less electronegative than oxygen atoms, are les; 
able to accommodate the electrons. (Try pushing electrons to prove to yourself that this is so.) 
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The only difference іп the mechanisms of pyruvate decarboxylase and acetolactate synthase is 
the species the two-carbon fragment (the carbanion) is transferred to: a proton in the case of 
pyruvate carboxylase and pyruvate in the case of acetolactate synthase. 
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acetolactate 
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Notice that the only difference in this reaction and that in Problem 8 is that the species to which 
the two-carbon fragment is transferred has an ethyl group in place of the methyl group. 
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10. Solved in the text. 


11. — Acetaldehyde is responsible for the physiological effects known as a hangover. A way to "cure" 
a hangover, therefore, is to get rid of the acetaldehyde that is formed from the oxidation of 
ethanol. Thiamine pyrophosphate (the coenzyme form of vitamin B) can convert acetaldehyde 
into acetyl-CoA. It does this by attacking the carbonyl carbon of acetaldehyde to form an 
intermediate. Loss of a proton from the intermediate forms the carbanion that is the reactive 
intermediate in the reaction catalyzed by the pyruvate dehydrogenase system. The final product 
of this pathway is acetyl-CoA. 


Notice that, except for the second step of the reaction, the reaction is the same as the reaction 
catalyzed by the pyruvate dehydrogneanse system. In the second step of reaction catalyzed by 
the pyruvate dehydrogenase system, CO» is removed from the carbon that formerly was the 
carbonyl carbon; in this reaction it is a proton rather than CO» that is removed in that step. 
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12. а. coenzyme = pyridoxal phosphate; other organic compound = a-ketoglutarate 


| | b. This is the bond that breaks. 
| OH 


CH,COO 


HO 


c. S-adenosylmethionine 


13. Тһе a-keto group that accepts the amino group from pyridoxamine is converted into an amir 
group. 


| И _ 
а. CH,C—C0 — —— СнурнСО 


«МН; 
pyruvate alanine 


-. lI || -, ll И _ 

b. OCEM LO —— OCCH;CHCO 
«МН; 

oxaloacetate aspartate 
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и. Ш the first step, a proton is removed from the a-carbon, and the electrons left behind expel the 


leaving group from the f-carbon. Hydrolysis of the imine regenerates pyridoxal and produces an 
enamine. The enamine tautomerizes to an imine that is hydrolyzed to the final product. 
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15. Тһе compound on the right is more easily decarboxylated because the electrons left behind when 
CO? is eliminated are delocalized onto the positively charged nitrogen of the pyridine ring. 


16, Тһе first step in all amino acid transformations is removal of a substituent from the a-carbon 
of the amino acid. The electrons left behind when the substituent is removed are delocalized 
onto the positively charged nitrogen of the pyridine ring. If the ring nitrogen were not 
protonated, it would be less attractive to the electrons. In other words, it would be a less 
effective electron sink. 
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17. The hydrogen of the OH substituent forms a hydrogen bond with the nitrogen of the imine 
linkage (see above structure). This puts a partial positive charge on the nitrogen, which makes 
it easier for the amino acid to attack the imine carbon in the transimination reaction that attach, 
the amino acid to the coenzyme. It also makes it easier to remove a substituent from the 
a-carbon of the amino acid. If the OH substituent is replaced by an OCH3 substituent, there {5 


no longer a proton available to form the hydrogen bond. 


"d 18. The mechanism is the same as that shown in the text for dioldehydrase. The tetrahedral 
intermediate that is formed as a result of the coenzyme B 2-catalyzed isomerization is unstabk 
and loses ammonia to give acetaldehyde, the final product of the reaction. 


1 1 wi 
НО-С-Н НО-С-Н НО>С-Н 
ACH, н-(б-н == АЧСН; N — = AdCH, | 
C M дөш! 'C-H 
Со) Мн, содђ 7 A/ NH, Co(II) NH, 
| H 
| Н 
| | 
| AdCH, AdGH, — H-C-H ласн!@ б-н 
| Е == HO-C-H 
| | Со(Ш) Co(II) | Co(II) HO-C-H 
| NH, NH, 
H H H 
l 
-c- ~ H-C-H (,  H-C-H 
H C H = N „ хан + H' 
с-н O-C-H | O-C-H 
|| | 
О жын; «МН; NH, 
19. 
9 БӨРІСІ 455 О methylmalonyl-CoA 9 
CH,CH,CSCoA -ШОХУАРЫ  QCH,CHCsCoA USE CH,CH,CSC 
| biotin coenzyme В |; | 
propionyl-CoA HCO% ATP,Mg* СОО COO 


succinyl-Co 


20. - The methyl group in thymidine comes from the methylene group of №, N!0-methylene-THF. 
a The methylene group of №, N!0.methylene-THF comes from ће CH2OH group of serine by 
means of a PLP-catalyzed Co-Cg cleavage. | 
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* 21. Two thiol groups are necessary for each of the two oxidations in the conversion of vitamin К 
epoxide to vitamin KH». Since lipoate has two thiol groups, each oxidation involves an 
intramolecular reaction. When thiols such as ethanethiol or propanethiol are used, the oxidation 
involves an intermolecular reaction. These thiols react more slowly than lipoate because the two 
thiol groups are not in the same molecule. Therefore, they have to find each other in order to 
react. 


22. а. NAD+, NADPH, FAD, FMN, lipoate, vitamin K epoxide 


b. N5-methyl-THF, N>,N!0-methylene-THF, N®,N10-methenyl-THF, N5-formyl-THF, 
N10-formyl-THF, N5-formimino-THF, S-adenosylmethionine 
One could include biotin and vitamin KH); they accept а one carbon group 
(from HCO,- and СО», respectively) and transfer it to the substrate. 


i 
с. —CH; --СН,- --СН 
d. FAD oxidizes dihydrolipoate back to lipoate. 
e. МАР" oxidizes FADH»? back to FAD. 


i | 
f. —NH-CH-C— — —NH-CH-C— 


ris es 
CH, CH 
- Pi ER 
COO . "ООС. COO 


g. thiamine pyrophosphate and pyridoxal phosphate 


h. Thiamine pyrophosphate is used for the decarboxylation of a-keto acids. 
Pyridoxal phosphate is used for the decarboxylation of amino acids. 


i. biotin and vitamin КН? 


j. Biotin carboxylates a carbon adjacent to a carbonyl group. 
Vitamin KH» carboxylates the y-carbon of a glutamate. 
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23. а. NAD+, NADP+, FAD, FMN, thiamine pyrophosphate, carboxybiotin, pyridoxal phosphate 


b. АП coenzymes that bind the substrate do so to activate it for some kind of further reaction, 
So all the coenzymes can be considered to activate substrates for further reaction except those 
that directly deliver an atom or group to the substrate or directly receive an atom or group 


from the substrate without binding it, such as NAD+, NADP*, NADH, NADPH, and the 


tetrahydrofolate coenzymes that deliver a one-carbon fragment in one step such as N?-methy]. 
THF. In other words, the answers аге: FAD, FMN, FADH>, ЕММНЬ, thiamine 
pyrophosphate, biotin, pyridoxal phosphate, coenzyme В 12, some tetrahydrofolate 
coenzymes, and vitamin KH), 


c. thiamine pyrophosphate 


d. vitamin КН? 


y 
Ld 


acetyl-CoA carboxylase, biotin 

b. dihydrolipoyl dehydrogenase, FAD 

c. methylmalonyl-CoA mutase, coenzyme В12 
d. lactate dehydrogenase, NADH 


e. aspartate transaminase, pyridoxal phosphate 


f. propionyl-CoA carboxylase, biotin 
25. 
> 
\ 
М 
-ll г 
+NH, 0-9 0-9 o- \) 
ОНОН 
| NH, 
7 М 
"m p 
== no | | i ANE dM 
Е AN A p. + — OCCHCH;CH,SCH О 
о d S | О lo | | 
a 0090-90 +NH, CH, 


OHOH 
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26. a. thiamine pyrophosphate, lipoate, coenzyme A, FAD, NAD* 


Ne 
о (ое ГЕ 


.. – Н 
“OCCH,CH,¢-C-GF 9 но 28) 4 
a-keto- обсн,сн, 0 in je "OCCH;CH;C: CC SMS 
glutarate R- È È ea 

+2 
RNY "s — = RNY — m^ s lipoate 
2 
== у= == + CO, 
thiamine pyrophosphate 
| | 
В: 
О О Н--О 
_ || || CoASH _ | 11 || 
OCCH;CH;CSCoA === “OCCH,CH,C—S SH "OCCH;CH,C— S SH 
succinyl-CoA Е c 
C 7 R t^ N R 
‘ RNY ~ p. b 


= 


S + 
m + FADH, M FAD + NADH + H' 
R 


27. The products of the reaction are shown below. 


|| 
Ad—CHT + CH,;CHTCT + H,O 
Co(II) 


"n | 
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The following mechanism explains the products. 


СНз CH; NES 
HO-C-T HO-C-T HO-C-T 
AdCH, т-б-т == АФСН, ES Dee AdCH,T [a 
| =(С— •С— 
Со(Ш) on қайыны д CoD ТЕ 
Со(П) OH 
СН; om СН; 
AdCHT AdCHT H-C-T AdCHT «C-T 
HO-C-T — собу HO-C-T 
Соб ) Co(II) a o(IT) 1 Е 
m 
H-C-T t H,O 
C-T 
|| 
Ó 


If there is only a limited amount of coenzyme, the second H of the coenzyme will be replaced 
T in a subsequent round of catalysis, which means that the final product will be: 


О 
|| 
Ad—CT, + CH,CHTCT + ЊО 
Со(Ш) 
28. 
| | | 
(5СоА CSCoA CSCor 
AdCH, “OOC-CH - , AdCH, ООС-СН __, AdCH; МА? 
Coa Н-Сн; со М ВЛ Со) ы 
— О 
| 1-7 И 
AdCH, AdCH, CSCoA AdCH, CSCof 


| 
OOC—CH, “ООС-СН; 
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29. 
СН. О ТЕЗ 9 СН. О 
а. CH4CHCCO^ єн НСО: НЕНУЕ CO: 
Уа о Leu 0 Пе 
СН; СН; СН; 
b. Небо єн НЕН con CH EHC ОВ 
c. thiamine pyrophosphate, lipoate, coenzyme A, FAD, NAD* 
d. The disease can be treated by a diet low in branched-chain amino acids. 
30. 
T (C 
A O T O 
H ,T+0: B T 
HN | НМ НМ 
p T == сы С | не: 
О | о " О | 1 
31. 
X :В “HB 
H O 
m E 
HO—CH;-—C—CO HO + CH,=C—CO- (CH5), 
(CH5), | 
N N N 
27 2 
нс” e нс NH, | нс” 
transimination 
2 | 2 2 
SM ~ + | < N 
H В Н 
+ 
О НСІ, Oe 0 
" il H,O tautomerization ___ | 
NH, + CH,—C—CO' === CH,—C—CO- == Уа ЕНИ 
imine 
O hydrolysis NH МН» 
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о 
ч 
~ 


32. 
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33. 


HC 
Е: 
М 
Н 
В: О 
И _ 
To UR ка 
нс 4 
б Өн» 
2 i 67 
| + CH,CH=C—CO- МЫ; | 
х transimination Су x 
N NH, H 
| || tutomesiaton 
О HCl, 
снсн,—с—со ©» сн,сн, со 
CH; imine TE + 
hydrolysis O + NH, 


NH 
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34. 


S SH E; 
№, NIO-methylene-THF + NH, + E ---- HjNCH,—S 5: 


n 


; 5—5 
FAD + NADH + H? «ХАР FADH, + 4% 


35. | Nonenzyme-bound FAD has a greater oxidation potential than NAD*. Consequently, FAD 
oxidizes NADH to NAD*. When the enzyme binds FAD, it changes its oxidation potential, 
causing it to become less than that of NAD*. Consequently, NAD* oxidizes enzyme-bound 
FADH; to FAD. In addition, there will be much more NAD* relative to enzyme-bound FADH2 
in the mitochondria (where the oxidation of FADH2 by NAD* takes place). Therefore, the 
equilibrium favors the oxidation of FADH2 by NAD* (Le Chátelier's principle). 


E.FADH, + МАР’  ———- ETAD + NADH + H 
excess 
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36. 
R R 
| H | Н 
Н.С М.А. Н.С М. № 420 
3 &j bd 3 2 + bá 
NH ERES NH 
Н.С М Н.С N < 
: H a H b- 
FADH, е 


+ RCH=CHCSR 


-= e^, -H+ 
(loss of an electron 
and a proton) 


R 
nod N. „О 
> bá 
қ МН 
H4C 94 
ДЕ 
FADH: OH 
+ RCHCH=CSR 
-e,-H* 


(loss of an electron О 2 
and a proton) - || 


CHCH,CSR 


| || 
RCH,CH,CSR + 


СНАРТЕК 26 
Lipids 


Important Terms 


adrenal cortical steroids ^ steroids synthesized іп the adrenal cortex. 


anabolic steroids steroids that aid in the development of muscle. 

androgens steroids responsible for the development of male secondary sex 
characteristics. 

angular methyl group a methyl substituent at the 10- or 13-position of a steroid ring system. 

carotenoid a class of compound (a tetraterpene) responsible for the red and orange 
colors of fruits, vegetables, and fall leaves. 

cephalin a phosphoacylglycerol in which the second OH group of phosphate has 
formed an ester with ethanolamine. 

cerebroside a sphingolipid in which the primary OH group of sphingosine is bonded to 
a sugar residue. 

cholesterol a steroid that is the precursor of all other steroids. 

cis fused two rings fused together such that if one ring is considered to be two 
substituents of the other ring, the substituents would be on the same side of 
the first ring. 

essential oil fragrances and flavorings isolated from plants that do not leave a residue 
when they evaporate. Most are terpenes. 

estrogens steroids responsible for the development of female secondary sex 
characteristics. | | 

fat a triester of glycerol that exists as a solid at room temperature. 

fatty acid a carboxylic acid with a long hydrocarbon side chain. 

hormone an organic compound synthesized in a gland and delivered by the 
bloodstream to its target tissue. 

isoprene rule head-to-tail linkage of isoprene units. 

lecithin a phosphoacylglycerol in which the second OH group of phosphate has 
formed an ester with choline. 

leukotriene compounds that induce contraction of the muscle that lines the airways to 
the lungs. 

lipid a water-insoluble compound found in a living system. 

pi lipid bilayer two layers of phosphoacylglycerols arranged so that their polar heads are 


on the outside and their nonpolar fatty acid chains are on the inside. 


membrane 

mixed triacylglycerol 
monoterpene 

oil 

phosphatidic acid 
phosphoacylglycerol 
(phosphoglyceride) 
phospholipid 


polyunsaturated fatty acid 


progestins 
prostacyclin 


prostaglandin 


sesquiterpene 
simple triacylglycerol 
sphingolipid 


sphingomyelin 


squalene 


Steroid 


a-substituent 


B-substituent 


terpene 


Chapter 26 745 


the material the surrounds the cell in order to isolate its contents. 
a triacylglycerol in which the fatty acid components are different. 
a terpene that contains 10 carbons. 

a triester of glycerol that exists as a liquid at room temperature. 


a phosphoacylglycerol in which only one of the OH groups of phosphate is 
in an ester linkage. 


formed when two OH groups of glycerol form esters with fatty acids and 
the terminal OH group forms a phosphate ester. 


a lipid that contains a phosphate group. 

a fatty acid with more than one double bond. 

a class of steroid hormones. 

a compound that dilates blood vessels and inhibits platelet aggregation. 


a carboxylic acid, derived from arachidonic acid, that is responsible for a 
variety of physiological functions. 


a terpene that contains 15 carbons. 
a triacylglycerol in which the fatty acid components are the same. 
a lipid that contains sphingosine. 


a sphingolipid in which the primary OH group of sphingosine is bonded to 
a phosphocholine or to a phosphoethanolamine. 


a triterpene that is a precursor of steroid molecules. 


a class of compounds that contains a steroid ring system. 


steroid ring system 


a substituent on the opposite side of a steroid ring system as the angular 
methyl groups. 


a substituent on the same side of a steroid ring system as the angular 
methyl groups. 


a lipid isolated from a plant that contains carbon atoms in multiples of five. 
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terpenoid 
tetraterpene 


thromboxane 


trans fused 


triacylglycerol 


triterpene 


wax 


a terpene that contains oxygen. 
a terpene that contains 40 carbons. 


a compound that constricts blood vessels and stimulates platelet 
aggregation. 


two rings fused together such that if one ring is considered to be two 
substituents of the other ring, the substituents would be on Opposite sides о 
the first ring. 


the compound formed when the three OH groups of glycerol are esterified 
with fatty acids. 


a terpene that contains 30 carbons. 


an ester formed from a long-chain carboxylic acid and a long-chain 
alcohol. 
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Solutions to Problems 


1. a. Stearic acid has the higher melting point because it has two more methylene groups (giving it 
a greater surface area) than palmitic acid. 


b. Palmitic acid has the higher melting point because it does not have any carbon-carbon double 
bonds, whereas palmitoleic acid has a cis double bond that prevents the molecules from 
packing closely together. 


c. Oleic acid has the higher melting point because it has one double bond, while linoleic acid has 
two double bonds, which give greater interference to close packing of the molecules. 


CH4CH;CH;CH;CH;,CH—CHCH;CH-—CHCH;CH-CHCH;CH—CHCH;CH,CH,COOH 


1. excess О» 
2. H20, 


|| || || || || 
CH;CH,CH,CH,CH,COH 3 HOCCH,COH HOCCH,CH,CH,COH 
hexanoic acid 3 malonic acids glutaric acid 


3. АП triacylglycerols do not have the same number of chirality centers. If the carboxylic acid 
components at C-1 and C-3 of glycerol are not identical, the triacylglycerol has one chirality 
center (C-2). If the carboxylic acid components at C-1 and C-3 of glycerol are identical, the 
triacylglycerol has no chirality centers. 


4. Glyceryl tripalmitate has a higher melting point because the carboxylic acid components are 
saturated and can, therefore, pack more closely together than the unsaturated carboxylic acid 
components of glyceryl tripalmitoleate: 


== == СООН === СООН 
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6. Because the interior of a membrane is nonpolar and the surface of a membrane is polar, integral 
proteins will have a higher percentage of nonpolar amino acids. 


| 7. The bacteria could synthesize phosphoacylglycerols with more saturated fatty acids because 
| these triacylglycerols would pack more tightly in the lipid bilayer and, therefore, would have 
| higher melting points and be less fluid. 


8. The sphingomyelins can differ in the fatty acid component of the amide and have either choline 
or ethanolamine attached to the phosphate group. 


a. СН--СН(СН-) 12СНз СН=СН(СН,) СН; 
| CH—OH о CH—OH 
I И 
| а СН TECNHES EDI 4CH4 
| 3 3 
| T 1+ i | 
| CH; —0—P—OCH;CH;NCH, CH;—0—P—OCH;CH,NCH; 
| o7 СН; o7 CH; 

E CH-CH(CH,),CH; 
| СН-ОН 
р | 
пазе а 4CH3 
T 
НОВ НН 
o- 
b. СН=СН(СН,) СН; 
CH—OH 
| 
CH—NH—C(CH)),4CH3 
H 
HOH 
О CH 
H О 
ОН 
9. Membranes must be kept in a semifluid state in order to allow transport across them. Cells 
I closer to the hoof of an animal are going to be in a colder average environment than cells closer 
to the body. Therefore, the cells closer to the hoof have a higher degree of unsaturation to give 


them a lower melting point so the membranes will not solidify at the colder temperature. 
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10. 


== СООН 


Он" 
== 


РОС, 


11. 


menthol В-ѕеіпепе 


squalene 


12. Тһе fact that the tail-to-tail linkage occurs in the exact center of the molecule indicates that 
the two halves are synthesized (in a head-to-tail fashion) and then joined together in a tail-to- 
tail linkage. 


Г tail-to-tail linkage 
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1% 13. — Squalene, lycopene, and B-carotene are all synthesized in the same way. In each case, two 


halves are synthesized (in a head-to-tail fashion) and then joined together in a tail-to-tai] 
linkage. 


14. Solved in the text. 


15. 


first step of TUNE 
О the Claisen :O O 


Q О 
| Ail | densati | 
CH4CSCoA OX сн, (всоА OUT CH.CCH;CSCoA + CO, 


x сол 


second step of 
the Claisen 
condensation 


= 


и 
CH3;CCH,CSCoA + CoASH 


22 | 
:0—C—CH;CSCoA | а к 


OH O OH O 


і П H,O Г Й 
CH,CCH,CSCoA + CoASH === CH,CCH,CSCoA + CO, 
= CH,CO™ CH;CSCoA 


О 
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16. 
о 0 о о 
Bon Р р HH р p 
% SN IN Дх К + o IN ZIN. 
со o-O ОО 0-0 
Е isomer 
rotate about 
single bond 
Y св 
S оо Но о 
+ "og и [| 
HB + P р — р р 
oC IN ING ZIN ZIN 
oO o- | 9 со о-о 
2 isomer Z isomer 
17. 
~ 
| = 
D ОРР; 
geranyl OH + H,0° 
pyrophosphate a-terpineol 
^ Н.О: + 
— LL + НО 
V OPP; 
7 CH, “ 
7 еру = limonene 
pyrophosphate H 


752 


18. 


20. 


21. 


22. 
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о + 
+ H,0 
H,0: 


Solved in the text. 


A f-hydrogen at C-5 means that the A and B rings are cis fused, whereas an a-hydrogen at C-5 
means that the A and B rings are trans fused. 


Because the OH substituent is on the same > side of the steroid ring system as the angular methyl 
groups, it is a B-substituent. 


The hemiacetal is formed by reaction of the primary alcohol with the aldehyde. 
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23. 
CH; 


CH, 


24. Because the three OH substituents of cholic acid are on the opposite side of the steroid ring 


system as the angular methyl groups, they are all a-substituents. Two of the OH substituents 
are axial substituents and one is an equatorial substituent. 


equatorial 
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25. There аге two hydride shifts and two methyl shifts. The last step is elimination of a proton. 


CH; СІ 


CH; CH, 


1,2-hydride 


protosterol cation 


НС 


1,2-methyl 
shift 
| Н.С 


HO 


26. If stearic acid were at C-1 and C-3, the fat would not be optically active. 
Therefore, stearic acid must be at C-1 and C-2 (or C-2 and C-3). 


| 
CH,-O—C— (CHa) «CH; 

| 
Сн—0—С—(Сн)вСн, 


Ш 
CH,-O—C —СН.) 14СНз 


27. 


29. 
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a. There are three triacylglycerols in which one of the fatty acid components is lauric acid and 
two are myristic acid. Myristic acid can be at C-1 and C-3 of glycerol, in which case the 
triacylglycerol does not have any chirality centers. If myristic acid is at C-1 and C-2 of 


glycerol, C-2 is an asymmetric carbon, and consequently, 


compound. 


two enantiomers are possible for the 


b. There are six triacylglycerols in which one of the fatty acid components is lauric acid, one is 
myristic acid, and one is palmitic acid. The three possible arrangements are shown below 
(with the fatty acid components abbreviated as L, M, and P). Since each has an asymmetric 
carbon, each can exist as a pair of enantiomers for a total of six triacylglycerols. 


CH,-O—L CH,-O—L CH,-O—M 


«СН--О-М «СН--О--Р 


«СН--О--, 


CH,-O—P CH,-O—M CH,-O—P 


| 
СН,--О--С--СН 
2 б 3 
СН--О--С--СН; 
О 


!! 
CH,—O—C—CH, 


CH, -0 H 


3 CH—OH 2 
| но“ | "70" 
CH;-OH О 


The structure at left has а molecular formula = CygH,40¢ 
and a molecular weight = 218. 


Subtracting 218 from the total molecular weight gives 
the molecular weight of the methylene (CH,) groups 
in the triacylglycerol. 


722-218 = 504 


Dividing 504 by the molecular weight of a methylene 

group (14) will give the number of methylene groups. 
504 
14 


Since there are 36 methylene groups, each fatty acid in the 
triacylglycerol has 12 methylene groups. 
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a. Starting with mevalonyl pyrophosphate, you can trace the location of the label in the 
compounds that lead to the formation of geranyl pyrophosphate, and geranyl pyrophosphate is 
converted to citronellal. 


OH 
| 14 14 

CH3CCH,CH,OPP; —> CH3CCH,CH,OPP; , 
CCO CH, CH;C=CHCH,OPP, 


isopentenyl pyrophosphate CH, 


O 
mevalonyl pyrophosphate dimethylallyl pyrophosphate 


“ № qH 14 oh 14 
14 14a О i í = CH3C=CHCH,CH,C=CHCH,OPP, | 
Н | OPP, geranyl pyrophosphate T 
citronellal | 


b. The label is lost from sample B when mevalonic pyrophosphate loses CO» to form 
isopentenyl pyrophosphate, so none of the carbons will be labeled in citronellal. 
OH 
14 


| 
CH3CCH2CH,OPP, —> CHSCCH;CH;OPR, + CO, 
14. 
CH;CO CH; 


| | | 
0 3 | ET 
"S 
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с. Because the methyl groups are eq 
z when isopentenyl pyrophosphate is converted to dimeth 
: methyl groups can be labeled in di 
two methyl groups can be labeled 


TH " CH; 
CH;CCH;CH;OPP; — CH3CCH,CH,OPP; ye Sep CHCH,OPP! 
= / | 
"Оно 14CH, CH, H 
О isopentenyl pyrophosphate 14 
mevalonyl pyrophosphate | 
14 
CH3C=CHCH,OPP; + CH3¢=CHCH,OPP; 
CH, 14CH, + H* 
dimethylallyl pyrophosphate 
i 14 
| PNE MP 
| CH3C=CHCH,CH,C=CHCH,OPP; + CH;C—CHCH;CH, =CHCH,OPP; 


geranyl pyrophosphate 


14 


citronellal 
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32. There are five possible structures for compound A, and two possible structures for 


compound B. 
СК „СНз О 
С 
1. O4 “се 
------»- + || 
2.Zn О | 6) 
+ 
А | 
а сн, “а SIE 
+ H,0 О 
HC (293 H3C., | CH; 
CH C 
OH 
B B 
CH; CH; 


Н.С СН. Н.С СН. ОН ОН 
N \ 7 Н.С. | „СН, НзС | CH, ЊС | CH, 
CH C C C C 
OH | | 
CH; СН; СН; СН; СН; 
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| | 33. Because acetyl-CoA is converted into malonyl-CoA (see Section 26.8), mevalonyl 
| pyrophosphate will contain three labeled carbons, which means that juniper oil will contain six 


labeled carbons. 
OH 
14 | _| | 14 114 
CH,CSCoA ---»- ТОССЊСЅСОА ——7 ООН 
СНО 


6) 
mevalonyl pyrophosphate 


| 


14 14 14 14 
CH,C—CHCH,OPE ——— | CH;CCH;CH;OPR 


14 СНз 14CH3 
dimethylallyl pyrophosphate isopentenyl pyrophosphate 


/ 


| 14 14 
| 14 14 
; СН СН 
| 14 [ 34 14 | 34 147 SS) 14 14 14 
| CH,C=CHCH,CH,C=CHCH,OPP, = — 
| geranyl pyrophosphate > OPP; ~ 
14 14 


14 оң! 
geranyl pyrophosphate juniper oil 
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CH, 
1,2-hydride 


CH 
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b. It has 30 carbons, so it is a triterpene. 


35. 
CH; 0 CH, © 


CH 


+ HO 


36. Тһе ОН groups will react only if they are in equatorial positions, because introduction of bulky 
axial substituents would decrease the stability of the molecule. 


In the case of 5a-cholestane-3 f),7 f-diol, the two OH groups are on the same side of the ring _ 
system as the angular methyl group, which means that they are in equatorial positions. Both O! 
groups react with ethyl chloroformate. 
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with ethyl chloroformate. 


: torial 
CT CH, т C ori CH, 
H H H он. / 
5o-cholestane-39,78-diol 


5Sa-cholestane-35,7 a-diol 


37. 


38. 


= estradiol 


| 
І 
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Nucleosides, Nucleotides, and Nucleic Acids 


Important Terms 


acyl adenylate 


acyl phosphate 


acyl pyrophosphate 


anticodon 
antigene agent 
antisense agent 


antisense strand 
(template strand) 


autoradiograph 
(autorad) 


autoradiography 
base 


codon 


deamination 


deoxyribonucleic acid 


(DNA) 
deoxyribonucleotide 


dideoxy method 


0 9 

С Р adenosine 
“а INS A 
R О o О 

O О 

[| 1 

C 

7 ZIN _ 
В O о О 

O O 

TO. 

АК Ха 


the three bases at the bottom of the middle loop in a tRNA. 
a polymer designed to bind to DNA at a particular site. 
a polymer designed to bind to mRNA at a particular site. 


the strand in DNA that is read during transcription. 
the exposed photographic plate obtained in autoradiography. 


a technique used to determine the base sequence of DNA. 
a heterocyclic compound (a purine or a pyrimidine) in DNA and RNA. 


a sequence of three bases of mRNA that specifies the amino acid to be 
incorporated into a protein. 


a hydrolysis reaction that results in removal of ammonia. 


a polymer of deoxyribonucleotides. 


a nucleotide where the sugar component is D-2-deoxyribose. 


a method used to determine the sequence of bases in DNA. 


dinucleotide 

double helix 
gkaryotic organism 
exon 


gene 
gene therapy 


genetic code 
high-energy bond 


Hoogsteen base pairing 


human genome 
informational strand 
(sense strand) 

in-line displacement 
mechanism 

intron 

major groove 

minor groove 

ucleic acid 


nucleoside 
cleotide 


digonucleotide 
Mosphoanhydride bond 


phosphoryl transfer 
ction 


blynucleotide 


Мітагу structure 
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two nucleotides linked by phosphodiester bonds. 

the term used to describe the secondary structure of DNA. 
an organism with cells that contain a nucleus. 

a stretch of bases in DNA that are a portion of a gene. 

a segment of DNA. 


a technique that inserts a synthetic gene into the DNA of an organism 
defective in that gene. 


the amino acid specified by each three-base sequence of mRNA. 


a bond that releases a great deal of energy when it is broken. 


the pairing between a base in a synthetic strand of DNA with a base pair in 
double-stranded DNA. 


the total DNA of a human cell. 

the strand in DNA that is not read during transcription; it has the same 
sequence of bases as the synthesized mRNA strand (with Us in place of 
Ts). 


nucleophilic attack on a phosphorus concerted with breaking a 
phosphoanhydride bond. 


a stretch of bases in DNA that contain no genetic information. 

the wider and deeper of the two alternating grooves in DNA. 

the narrower and more shallow.of the two alternating grooves in DNA. 
the two kinds of nucleic acids are DNA and RNA. 


a heterocyclic base (purine or pyrimidine) bonded to the anomeric carbon 
of a sugar (D-ribose or D-2-deoxyribose). 


a nucleoside with one of its OH groups bonded to phosphoric acid in an 
ester linkage. 


three to ten nucleotides linked by phosphodiester bonds. 
the bond holding two phosphoric acid molecules together. 


the transfer of a phosphate group from one compound to another. 


many nucleotides linked by phosphodiester bonds. 


the sequence of bases in the nucleic acid. 
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In the case of 5Sa-cholestane-3, 7a-diol, only one of the OH groups is on the same side of the 


means that it is in an axial position. Only the OH group that is in the equatorial position reacts 
with ethyl chloroformate. 


i torial 
CT CH, Я C ori CH, 
H OH H Н axial 
Н Н Н ОН 
Sa-cholestane-36,78-diol 5a-cholestane-38,70-diol 
37. 
ee H ee + 
—— —— 
+ H,O 
"2! 
2 ry 
CH, СН, 
Но? + 
38. 


estradiol 
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prokaryotic organism 
promoter site 

rational drug design 
replication : 

replication fork 
restriction endonuclease 


restriction fragment 


retrovirus 
ribonucleic acid (RNA) 
ribonucleotide 


ribosome 


ribozyme 


ВМА splicing 


sedimentation constant 


semiconservative 
replication 


sense strand 
(informational strand) 
site-specific recognition 


stacking interactions 


stop codon 
template strand 
transcription 


translation 


a unicellular organism without a nucleus. 

a short sequence of bases at the beginning of a gene. 

designing drugs with a particular structure to achieve a specific purpose. 
the synthesis of identical copies of DNA. 

the position on DNA where replication begins. 

an enzyme that cleaves DNA at a specific base sequence. 


a fragment that is formed when DNA is cleaved by a restriction 
endonuclease. 


a virus whose genetic information is stored in its RNA. 
a polymer of ribonucleotides. 
a nucleotide where the sugar component is D-ribose. 


a particle composed of about 40% protein and 60% RNA on which protein 
biosynthesis takes place. | 


an RNA molecule that acts as a catalyst. 


the step in RNA processing that cuts out nonsense bases and splices 
informational pieces together. 


designates where a species sediments in an ultracentrifuge. 


the mode of replication that results in a daughter molecule of DNA having 
one of the original DNA strands plus a newly synthesized strand. 


the strand in DNA that is not read during transcription; it has the same 
sequence of bases as the synthesized mRNA strand (with Us in place of 
Ts). 

recognition by a molecule of a specific site on another molecule. 


van der Waals interactions between the mutually induced dipoles of 
adjacent pairs of bases in DNA. 


a codon that says "stop protein synthesis here." 
the strand in DNA that is read during transcription. 


the synthesis of mRNA from a DNA blueprint. 


the synthesis of a protein from a mRNA blueprint. 
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Solutions to Problems 


The ring is protonated at its most basic position. In the case of a purine, this is the 7-position. 
In the next step, the bond between the heterocyclic base and the sugar breaks, with the anomeric 
carbocation being stabilized by the ring oxygen's nonbonding electrons. 


МН, NH, 


HO OH 


The mechanism is exactly the same for pyrimidines except that the initial protonation takes place 
at the 1-position. 


NH, NH, 
м” м” 


+ | PM | 
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с. е. 
B | m^ "y 

0 О x N 

|| N НМ ^N 

P О О 

ЯУ О | "| О 
О о- ^^ A P 
Оо“ соо 
HO HO ОН 
dUMP guanosine 5'-triphosphate 
GTP 
О 
d HN ҰН; 
| f 2 
о 0 P D \ 
КА МА 
- IN ЛУ о Н 
| О-О o- О 
|| HO 
| НО ОН О 
|| UDP „о OH 
{| adenosine 3'-monophosphate 
| 3. Solved in the text. 
4. Pyruvate is а good leaving group because the electrons left behind when the P—O bond breaks 


can be delocalized, resulting in the formation of a relatively stable keto group. 
+ 


В | n • 
Ci :В 
Н 


DE 2 


CH, A --С--О — СН. -6 ux Сі 50 
О 
и pyruvate 
o7 | о" Мис 
o- 


5. The AG? for formation of ATP is + 7.3 kcal/mol. This means that for a compound to drive the 
formation of ATP, it must hydrolyze with a AG? that is more negative than — 7.3 kcal/mol. 
Phosphocreatine is the only one of the four compounds that hydrolyzes with sufficient energy. 
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6. Phosphoric acid has three pK3's: the first OH group to lose a proton has а рКа of 1.9, the second 
OH group has a рКа of 6.7, and the third OH group a рКа of 12.4. 


When the bond linking the f-phosphorus to the a-phosphorus breaks, the phosphorus leaving 
group attains its second negative charge which means that the рКа of the conjugate acid of the 
leaving group is - 7.0. 


When the bond linking the f-phosphorus to the y-phosphorus breaks, the phosphorus leaving 
group attains its third negative charge, which means that the рКа of the conjugate acid of the 
leaving group is - 12.4. 


Consequently, the bond to the y-phosphorus never breaks because the leaving group is a much 
stronger base than the leaving group that leaves when the bond to the a-phosphorus breaks. 


|| 
рКа-19 НО—Р—ОН рКа = 12.4 


МН 
ОН рК,-6.7 á 
phosphoric acid қ” | y 
x 
N N 


. bond linking the -phosphorus 


to the у-рћозрћ 
о the у-рпозрпогиз bond linking the f-phosphorus 
to the a-phosphorus 


7. a. Solved in the text. 


b. Because pH 7.3 is much more basic than the рКа values of the first two ionizations of ADP, 


these two groups will be in their basic forms at that pH, giving ADP two negative charges. 
We can determine the fraction of the group with рКа of 6.8 that will be in its basic form at pH 
7.3 using the method shown in part a. 


Ka _ 1.6х 1077 
Ка + [H*] 1.6х 10-7 + 5.0х 10-8 


— 1.6 x 1077 


----------- 0.8 
и 1.6х 10-7 + 0.5х 10-7 


total negative charge оп ADP = 2.0 + 0.8 = 2.8 
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c. At pH 7.3 the OH group with a pKa of 1.9 will account for one negative charge and the OH 
group with a рКа of 12.4 will have no negative charge. We need to calculate the fraction of 
the group with a рКа value of 6.7 that will be negatively charged at pH 7.3. 


Ka _ 2.0 x 10-7 n ae 
Ка + ІН" 20x107 + 0.5.х107 
total negative charge on phosphate = 1.0 + 0.8 = 18 


The hydrolysis of cyclic AMP forms adenosine 5’-phosphate and adenosine 3'-phosphate. 


NH; NH, NH, 
NT | b NT | b NZ | > 
EN Ы " EN N EN N 

H 
— O t О 
Э H,O 
E Os 2 ix 
P 
оғ 4-0 он -oó `o OHOH о OH 
O- | 
- pu - 
adenosine 5'-phosphate О а О 


adenosine 3'-phosphate 


The NH» groups could serve either as hydrogen bond acceptors, using the nonbonding electron 
on nitrogen, or as hydrogen bond donors, using the hydrogen bonded to the nitrogen. 


The A, D, and A/D designations show that the maximum number of hydrogen bonds that can 
form are two between thymine and adenine and three between cytosine and guanine. 
Notice that uracil and thymine have the same designations. 


H 
| 
O A Н.С О А A/D H—N N 
2 7 < 5 
/ 
/ \ нь / мнр A TKA 
N ( М \=N sugar 
Á / 
зираг O A sugar О А 


uracil thymine adenine 
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Н 

| 

N—H A/D А О "N 

N 
/ CN A D Pao 
A Ак 

sugar O A A/D HEN 

cytosine guanine 


10. If the bases existed in the enol form, the OH groups and NH2 groups could act either as 
hydrogen bond acceptors or as hydrogen bond donors. 


The maximum number of hydrogen bonds that could form is one between thymine and 
adenine and two between cytosine and guanine. 


H 
| | 
Н.С O—H A/D A/D H—N ^з 
/ 5 
A N À А к” \ М 
М \=n sugar 
7 
sugar OA 
thymine adenine 


| ‘sugar 
N— = MN 
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or 


i 
О 


i О 
1 | б О 
| „зш 
оо 
e HO о 
AS -o-4 
o No dins 
| T OH 
| Н,0: 
| 
| 12. 
di а. 3 —C—C—-T-G-—T—T—A -G—A-C-G— 5 
| b. guanine 
| | | 13. а. Eleven base pairs рег tum: (11 x 2.3 Å = 25 А). 
| | | b. Ten base pairs рег turn: (10 x 3.4 А = 34 А). 
||| c. Twelve base pairs per turn: (12 x 3.8 A = 46 À). 
inii 
p 14. 
||| original generation 


fourth generation 


| | 
HEIL 


15. 


16. 


17. 


18. 


19. 


20. 


21. 
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The rise per turn in B-DNA (the form found in living organisms) is 34 À, and there are 10 base 
pairs per turn: 


3,100,000,000 x 3.4 А = 3.1х 109 x34 А = 1010 Å 


It requires energy to break the hydrogen bonds that hold the two chains together, so an enormous 
amount of energy would be required to unravel the chain completely. However, as the new 
nucleotides that are incorporated into the growing chain form hydrogen bonds with the parent 
chain, energy is released, and this energy can be used to unwind the next part of the double helix. 


Thymine and uracil differ only in that thymine has a methyl substituent that uracil does not have. 
(Thymine is 5-methyluracil.) Because they both have the same groups in the same positions 

that can participate in hydrogen bonding, they will both call for the incorporation of the same 
purine. Because thymine and uracil form one hydrogen bond with guanine and two with 
adenine, they will incorporate adenine in order to maximize hydrogen bonding. 


Because methionine is known to be the first base incorporated into the heptapeptide, the mRNA 
sequence is read beginning at AUG, since that is the only codon that codes for methionine. 


Met-Asp-Pro-Val-Ile-Lys-His 
Met-Asp-Pro-Leu-Leu-Asn 


It does not cause protein synthesis to stop, because the sequence UAA does not occur within a 
triplet. The reading frame causes the triplets to be AUU and AAA. 


The sequence of bases in the template strand of DNA specify the sequence of bases in mRNA, 
so the bases in the template strand and the bases in mRNA are complementary. Therefore, the 
sequence of bases in the sense strand of DNA are identical to the sequence of bases in mRNA, 
except wherever there is a U in mRNA, there is a T in the sense strand of DNA. 


5'—— G-C-A-T-G-G-A-C-C-C-C-G-T-T-A-T-T-A-A-A-C-A-C — — 3' 
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22. 
Met Asp Pro Val Ile Lys His 
codons AUG GAU CCU GUU AUU AAA CAU 
GAC CCC GUC AUC AAG CAC 
CCA GUA АПА 
CCG GUG 
anticodons 
Note that the anticodons are stated in the 5'—9»- 3' direction. For example, the 
| anticodon of AUG is stated as CAU (not UAC). 
| codon 5 AUG 3 
feat 
| anticodon 3' UAC 5' 
| CAU AUC AGG ААС AAU UUU AUG 
Ded GUC GGG GAC GAU CUU GUG 
| UGG UAC UAU 
| CGG CAC 
E 23. 
EE NH, NH O 
| М М 
mM = М НМ H,O HN 
АІ ( | y ЕЕ 26 — к | y + NH; 
c EM N N 
E N^ "B N UH ME: 
| адепте hypoxanthine 
О s О. О 
N HN N HN N 
У — X Oy зе. "E YS o 
~ М М 
нм” “< UN HN" ON” H OY Н 
guanine | xanthine 
24. 


Thymine does not have an amino substituent on the ri 


ng, which means that it cannot form an 
imine. Deamination involves hydrolyzing an imine li 


nkage to a carbonyl group and ammonia. 


ÇNH, NH 


+ NH, 
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а is the only sequence that has a chance of being recognized by a restriction endonuclease 
because it is the only one that has the same sequence of bases in the 5' — 3' direction that the 


complementary strand has in the 5' — 3' direction. 
ACGCGT 


L0000V 
АП the fragments will end in “С”. 


32Ь. TCCGAGGTCACTAGG 
32p—TCCGAGGTCACTAG 


3?p—TCCGAGG 
32Ь. ТСССАС 
32p—TCCG 


OCH; 
сњо) —O 
CH 9-4 2-5 Q O base—Pr 


OCH, OCH; | 


H,O 
СНзО C—OH -—— СН;0 C+ НО О base—Pr 


+ HB 


wo 


wo 


28. 5-Bromouracil 15 incorporated into DNA in place of thymine because of their 


: NA stran 
causes mutations. 
" 2 
Н.С О ----H—N N Br 0-н----.-0 ћ 
< < 
/ № \ / №------ H—N \ 
М < =N 
N MR PNE 
4 О Sugar о Н ШЫ 

Sugar . Д | 

thymine adenine 5-bromouraci] guanine 


29. а. guanosine 3'-monophosphate с. 2'-deoxyadenosine 5monophosphate 


b. cytidine 5'-diphosphate d. 2'-deoxythymidine 


30. 18-Val-Gly-Tyr-Pro-Gly-Met-Val-Va 


31. The third base in each codon has some Variability, 
mRNA 5'GG(UCA or GUC(UCA or ОЈСО(ОСА 
9T  AG(Uor C) AG(A or G) 


DNA 


template 3-CC(AGT ог САС(АСТ or C)GC(AGT or ОСА(АСТ or C)GT(A or G)CT(T or C)-5' 
TC(A or G) TC(T or C) 


or 
sense 5-GG(TCA or G)TC(TCA ог G)CG(TCA or G)GT(TCA or G)CA(T or C)GA(A or G)-3' 
G) 


or  AG(Tor C) AG(A or 


and Arg are two of three amino acids that can be Specified by Six different 
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32. 
NH, 
Oo 
с. MAS P "o Ro 
:0—CCH,CH,CHCO + (РТР P ОМ, а | И _ 
" 91 коб оће <9’ | “O—CCH,CH,CHCO 
«МН; Oo o- о ог | 
| «МН; 
АТР НО ОН nae 
NH, | E 
о -. (6 
| се О l о-о 
к ДУ Ho P. | й. 
Howe OT ТІНІ -o | O—CCH;CH;CHCO 
NH, «NH; OU QNH, «NH, 
| | о 
H,NCCH,CH,CHCO + р 
| -о7170- 
«МН; ОН 
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34. 


Pro-Ala-Leu-Arg a 


mRNA CC(UCA or G)GC(UCA or G)CU(UCA or о or G) 
ОЦА ог) AG(A or G) 


DNA (sense strand) CC(TCA or G)GC(TCA or G)CT(TCA or G)CG(TCA or G) 
TT(AorG) AG(A or G) 
Note that because mRNA is complementary to the template strand of DNA, which is 


complementary to the sense strand, the sense strand of DNA and mRNA have the same 
sequence of bases (except DNA has a T where RNA has a U). 


Also note that Leu and Arg are specified by six codons. 


35. a. CC and GG C. CA and TG 


CA and TG are formed in equal amounts, since A pairs with T and C pairs with G. 
(Remember that the dinucleotides are written in the 5' — 3' direction.) 


36. The number of different possible codons using four nucleotides is (4)" where n is the number 
of letters (nucleotides) in the code.. 


for a two-letter code: (4? = 16 
for a three-letter code: (4)3 = 64 
for a four-letter code: (4)4 = 256 


Since there are 20 amino acids that must be specified, a two-letter code would not provide an 
adequate number of codons. 

А three-letter code provides enough codes for all the amino acids and also provides the necessary 
Stop codons. 

А four-letter code provides many more codes than would be needed. 


37. 


38. 
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In the first step of the reaction, the imidazole ring of one histidine acts as a general-base catalyst, 
removing a proton from the 2-OH group to make it a better nucleophile. The imidazole ring of 
the other histidine acts as a general-acid catalyst, protonating the leaving group to make it a 
weaker base and therefore a better leaving group. In the second step of the reaction the roles 

of the two imidazole rings are reversed. 


О О-Н Ма : O о Н 
„— Н 7 
о =о " ==» V М + His 
NS 
Жа АЕ оАо Н 
HTN. 2 His a Во 2 = 
OH Н 1$ 
M 


The normal and mutant peptides would have the following base sequence in their mRNA. 
normal: CA(AG) UA(UC) GG(UCAG) AC(UCAG) CG(UCAG) UA(UC) GU(UCAG) 
mutant: CA(AG) UC(UCAG) GA(AG) CC(UCGA) GG(UCGA) AC(UCAG) 


a. The middle nucleotide (A) in the second triplet was deleted. This means that an A was 
deleted in the sense strand of DNA or a T was deleted in the template strand of DNA. 


b. The mRNA for the mutant peptide has an unused 3'-terminal two-letter code, U(UCGA). 
The last amino acid in the octapeptide of the normal fragment is leucine, so its last triplet is 
UU(AG) or CU(UCAG). 


This means that the triplet for the last amino acid in the mutant is U(UCGA)(UC) and that the 
last amino acid in the mutant is one of the following: Phe, Ser, Tyr, or Cys. 
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|| 39. Because the compound that will react in the second ste 


P with the activated carboxylic acid gr: 
is excluded from the incubation mixture, the reaction b 


etween the carboxylate ion and ATP w 
come to equilibrium. 


If radioactively labeled pyrophosphat 
radioactive if the mechanism invol 
the reverse reaction between the а 


€ is put into the incubation mixture, ATP will become 
ves attack on the o-phosphorus, because ATP is formed fro: 
ctivated carboxylate ion and pyrophosphate. 


ATP will not become radioactive if the mec 
| because АТР is formed from reaction betw 


, because Pyrophosphate is not a product of the reaction, it cannot become 
| incorporated into ATP in the reverse reaction.) 


attack on the a-phosphorus 


| О О О О О О 
БЕККЕ ДА ле S А. 1 | 
| - Bo s, ~ а г: вета „Ами – ~ 
| D+ О О ДУ а ЕСО” [`0 07 о с 
| + о- 9 о- 076-0 Q^ o- 9 о- 
i pyrophosphate 
E attack on ће -phosphorus 
| | оо о 
li О р PAE ae A 9 
M Па. N А = Р Р 
| RCG + ТО соло 97 во Хо „ДИ ЈА 
| о- “Хо oO 1. о7170 
| О 
| АМР 


40. If radioactive АМР is added to the reaction 
If the mechanism involves attack on the a- 


If the mechanism involves attack on the В- 


mixture, the results will be opposite. 
phosphorus, ATP will not become radioactive. 
phosphorus, ATP will become radioactive. 


41. If deamination does not occur, the mRNA Sequence will be: 


AUG-UCG-CUA-AUC Which will code for the following tetrapeptide 
Met - Ser - Leu - Ile 


Deamination of a cytosine results in а uracil. 
If the cytosines are deaminated, the mRNA sequence will be: 


AUG-UUG-UUA-A 


UU which will code for the following tetrapeptide 
Met - Leu - Leu - Ile 


The only cytosine that will change the particular amino acid that is inco 
is the 


first one. Therefore, this is the cytosine that could cause the most 
if it were deaminated. 


rporated into the peptide 
damage to an organism 


м | 


42. 


43. 
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In an acidic environment, nitrite ion is protonated to nitrous acid. We have seen that the 
nitrosonium ion is formed from nitrous acid (Section 15.11). 


rae HCl HCl H 2 

Nat O-N=0 = НО-М-О == i Pm === H,O + N=O 

sodium nitrite nitrosonium 
+ СІ” i 


+ СГ 10n 


The nitrosonium ion reacts with a primary amino group to form a diazonium ion, which can be 
displaced by water (Section 15.10). 


N^ + __ N^ N^ vote HN 

Y N= 94 | H,O pi | tautomerization | 

О | О | 02 ^N o N 
cytosine | uracil 


The smaller subunit of a prokaryotic ribosome (30S) contains a binding site for the growing 
peptide chain and a binding site for the next amino acid to be incorporated into the chain. 


О 
| i и 
—C-NHCHCO HoNCHCO 
R | (OR 
peptide binding site -  . amino acid binding site 


All peptide bonds are formed by the reaction of an amino acid with a peptide, except formation 
of the first peptide bond, which has to be formed by the reaction of two amino acids. 
Therefore, in the synthesis of the first peptide bond, one of the amino acids has to be a peptide 
that will fit into the peptide binding site. 


The formyl group of N-formylmethionine will provide the peptide group that will be recognized 
by the peptide binding site, and the second amino acid will be bound in the amino acid binding 
site. 


|| || 
HC—NHCHCO™ 
СН;СН;5СН; 
N-formylmethionine 


СНАРТЕК 28 
Synthetic Polymers 


Important Terms 


addition polymer 
(chain-growth polymer) 


alpha olefin 
alternating copolymer 


anionic polymerization 


aramide 


atactic polymer 


biodegradable polymer 


biopolymer 

block copolymer 
cationic polymerization 
chain-growth polymer 
(addition polymer) 


chain transfer 


condensation polymer 
(step-growth polymer) 


conducting polymer 
copolymer 
cross-linking 
crystallites 
elastomer 


epoxy resin 


graft copolymer 


made by adding monomers to the growing end of a chain. 


a monosubstituted olefin. 
a copolymer in which two monomers alternate. 


chain-growth polymerization where the initiator is a nucleophile; the 
propagation site, therefore, is an anion. 


an aromatic polyamide. 


a polymer in which the substituents are randomly oriented on the extended 
carbon chain. 


a polymer that can be broken into small segments by an enzyme-catalyzed 
reaction. 


a polymer that is synthesized in nature. 
a copolymer in which there are blocks of each kind of monomer. 


chain-growth polymerization where the initiator is an electrophile; the 
propagation site, therefore, is a cation. 


made by adding monomers to the growing end of a chain. 


a growing polymer chain reacts with a molecule XY in a manner that 
allows X to terminate the chain, leaving behind Y- to initiate a new chain. 


made by combining two molecules while removing a small molecule 
(usually water or an alcohol). 


a polymer that can conduct electricity down its backbone. 

a polymer formed using two or more different monomers. 
connecting polymer chains by intermolecular bond formation. 
regions of a polymer in which the chains are highly ordered. 

a polymer that can stretch and then revert back to its original shape. 


formed by mixing a low molecular weight prepolymer with a compound 
that forms a cross-linked polymer. 


a copolymer that contains branches of a polymer of one monomer grafted 
onto the backbone of a polymer made from another monomer. 


head-to-tail addition 
homopolymer 


isotactic polymer 
living polymer 
materials science 


monomer 


oriented polymer 
plasticizer 


polyamide 
polycarbonate 
polyester 
polymer 


polymer chemistry 


polymerization 
polyurethane 


propagating site 


radical polymerization 


random copolymer 


ring-opening 
polymerization 


step-growth polymer 


(condensation polymer) 


Syndiotactic polymer 


Synthetic polymer 
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the head of one molecule is added to the tail of another molecule. 
a polymer that contains only one kind of monomer. 


a polymer in which all the substituents are on the same side of the fully 
extended carbon chain. 


a nonterminated chain-growth polymer that remains active. Therefore, the 
polymerization reaction can continue upon addition of more monomer. 


the science of creating new materials to take the place of known materials 
such as metal, glass, wood, cardboard, and paper. 


a repeating unit in a polymer. 


a polymer obtained by stretching out polymer chains and putting them back 
together in a parallel fashion. 


an organic molecule that dissolves in a polymer and allows the polymer 
chains to slide by each other. 


a polymer with many amide groups. 

a step-growth polymer in which the dicarboxylic acid is carbonic acid. 
a polymer with many ester groups. 

a large molecule made by linking monomers together. 


the field of chemistry that deals with synthetic polymers; part of the larger 
discipline known as materials science. 


the process of linking up monomers to form a polymer. 
a polymer with many urethane groups. 
the reactive end of a chain-growth polymer. 


chain-growth polymerization where the initiator is a radical; the 
propagation site, therefore, is a radical. 


a copolymer with a random distribution of monomers. 


a chain-growth polymerization that involves opening the ring of the 
monomer. 


made by combining two molecules while removing a small molecule 
(usually water or an alcohol). 


a polymer in which the substituents regularly alternate on both sides of the 
fully extended carbon chain. 


a polymer that is not synthesized in nature. 
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thermoplastic polymer 
thermosetting polymer 


urethane 
vinyl polymer 
vulcanization 


Ziegler-Natta catalyst 


a polymer that has both ordered crystalline regions and amorphous non. 
crystalline regions. 


cross-linked polymers that, after they are hardened, cannot be re-melted b 
heating. 


a compound with a carbonyl group that is both an amide and an ester. 
a polymer in which the monomer is ethylene or a substituted ethylene. 
increasing the flexibility of rubber by heating it with sulfur. 


an aluminum-titanium initiator that controls the stereochemistry of a 
polymer. 
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Solutions to Problems 


1. 


a. СН;--СНСІ b. CH;—CCH; с. CE;—CF, 
(= 
OCH, 


Poly(vinyl chloride) would be more apt to contain head-to-head linkages because a chloro 
substituent is less able (compared with a phenyl substituent) to stabilize the growing end of the 
polymer chain by resonance. 


—CH,CH—CHCH,CH,CH—CHCH,CHCH,CH,CH—CHCH,CH,CH— 


оо ооо 00 о 


HO—OH ---» 2 НО: 
HO* + снн — HO-CH4CH: 
Cl ^R C 
HO-CH,CH 24 С =н --->- НО-—СН,СНСН,СН: 
Cl Cl Cl Cl 


HO—CH,CHCH,CH: + ct ——- HO—CH;CHCH;CHCH;CH- 
а а СІ а а а 


Since branching increases the flexibility of the polymer, beach balls аге made from more highly 
branched polyethylene. . 
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Се 
—(CH,CHCH,CHCH,CCH,CHCH,CH— 


200900 


Decreasing ability to undergo cationic polymerization is in the same order as decreasing stability 
of the carbocation intermediate. (Electron donation increases the stability of the carbocation.) 


а. СН;--СН CH,=CH CH=CH 
OCH, CH; NO, 
donates electrons withdraws electrons 
by resonance by resonance 


| | 
b. CH,=CHOCCH; > CH,=CHCH, > CH,=CHCOCH, 
donates electrons withdraws electrons 
by resonance by resonance 


с. CH,=CCH, CH=CH > А tertiary benzylic carbocation is more stable 
than a secondary benzylic carbocation. 


Decreasing ability to undergo anionic polymerization is in the same order as decreasing stability 
of the carbanion intermediate. (Electron withdrawal increases the stability of the carbanion.) 


a. CH,=CH CH,=CH 


Жү: 


NO, СН; ОСН. 
withdraws electrons donates electrons 
by resonance by resonance 


b. CH,—CHCEN >  CH,—CHC| > СН,--СНСН; 


withdraws electrons 
by resonance 
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9, In anionic polymerization, nucleophilic attack occurs at the less substituted carbon because it is 
the less sterically hindered (Section 12.7) 


. In cationic polymerization, nucleophilic attack occurs 
at the more substituted carbon, because the ring opens to give the more stable partial carbocation. 


О 27 position of nucleophilic attack 
LN in cationic polymerization 
м” сн; 
position of nucleophilic attack 
in anionic polymerization 


10. 
CH 
= 31. сн; : 
а. ВО: --->- RO-CH;CO" 
NT CH; CH; 
CH, oe CH, CH; CH; 
D d — RO- CHF OCH;CO 
CH; CH; CH; CH; 
ТЕЗ Th di О CH, ТН; СН; СН; 
E de — RO-CH;COCH;COCH;CO. ! 
CH, СН; CH; CH, CH, CH, | 
.. =- + i 
О: FB —О: 
ь. / с» “ч i /\ di 
CH; CH, 
FjB—Ó б: cu 52 
| О, / / CH; 2 LET СН; 
LX —— Е.В TOCH 0 
CH; CH; CH, 
Н» Н» 
= T KAN—CH; Ó: ТВ Ts CH; 
њ8—0сн,с—0 / N dd — 58 —OCH,COCH,C—6 
и CH, CH, CH; CH, 
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11. 
= О = 
а. E ER E T BF, с. АХ + CH40 
CH; 
b. CH,=CH + ВЕ; d. CH,—CH + Buli 
COCH, 


N 


2 


12.  3,3-Dimethyloxacyclobutane undergoes cationic polymerization by the following mechanism 


CH, 
+ n + - 
O—BF; О--СН;ССН,О--ВЕ 
ыс нс |] 7° JB е 
A. | 3 
H4C О: — Н.С b 
Н.С. | | 0: 
| H4C. | | N 
Н.С 
НС CH; CH, 
+ 
O—CH,CCH,OCH,CCE 
Н.С | | 
СН» CH, 
кд me Ó: 
Н.С, | | 
me O—CH;CCH;OCH,CCH,OCH;CCH;O—BF; 
| Su CH, CH; сн; 
Н.С | 
13. 
2 2 2 
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14. Notice that a branch occurs as a result of nucleophilic attack on C-3 instead of on C-1. 
RO: cu Lc снн, ——> КО-СН;СН--СНСН, 
RO—CH,CH=CHCH, CH=CH, ---»- RO—CH,CH=CHCH,CHCH, 

CH=CH, CH=CH, 
и их [A 
RO—CH,CH=CHCH,CHCH, CH,=CH—CH=CH, 
CH=CH, EN 
RO CH;CH-CHCH;CHCH;CH;CH -CHCH, 
CH=CH, 
This polymerization also could take place by a radical mechanism or by a cationic mechanism. 
15. 
а. ——NHCH,CH,CH,CNHCH,CH,CH,C— 
O 
b. ` ^ 
NH 
|| || if i 
c. — NH(CH5NHCCH;CH;CNH(CH;JNHCCH;CH,C — 
16. 


О О О i 
|| || || || 
--С(СН,),С [n H(CH2)6NH—C(CH,)4C ІК H(CHj)gNH— 
n 


(њо, 


пт 
+ 
n HOC(CH,),COH + n H,N(CH)SNH, 
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17. Тһеу hydrolyze to give monomers of dicarboxylic acids and diols. 


i 
n 


[vos 


i i 
n -/ to + п носњ-( )—cH,0H 


MEN. 


| | 
——{_%— осн-( сњо 


Kodel 


Q=0 


| i i i i 
: -- - У—Чоснено—4—{ УИ осњењо— 
5 | n 
| Расгоп 
| он 


о. 
| Изи 
n 06—( 3-0 + n HOCH,CH,OH 
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18. 


CH; єн, 
HO of 5-4 ы ao. = 40-( 9--/ он 
ен, bu, 
HO у абат аба - 9 дн 


С 
ен, 

Ау ~ 

CH, is 


Alternately add the CH5*CI 
phenol and the epoxide. 


CHs Er ipn CH, о 
PX. | 
снјо C OCH,CHCH осњ- ДУ 
CH; OH 
n 


! 1 
| | 792 Chapter 28 


| A LE sa? LN 
|| CH —{_) engen OF — ось, | 
|: бн, 


| : ЖТ 
H;NCH;CH;NHCH;CH;NH; HjNCH;CH;NHCH;CH;NH; 


CH; ÇH; қ, 
иде аны acf anc 


| 

| 

| | 
| fH d 

E. 2. o-( V a a] 6-07 -оснснснди 
|| H, Сн, СН; ОН 


| 
| 
| 172 
5d 
i p CH; 
| 5 07у а E y-ocnquendn 
І CH; 
19. 
Glycerol cross-links О 
the polymer chains. || || || ) 
М G7 NH—C—OCH,CH,O—C—N 
| Ò CH3 CH3 
= сн; | сн; - 
—NH NH—C—OCH,CHCH20—C—NH: NH—¢—OCHCH20—F— 


|| || || 
О О О 
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20. Formation of an imine between formal 
imine with a second amino group, 
together. 


dehyde and one amino group, 


followed by reaction of the 
accounts for formation of the link 


age that holds the monomers 


imine HN, м _UNH=CH, нм м мн, 
1 : г 
CY des ша рлу 
21 (occurs in N ММ 
several steps; 
NH, See p. 748 of the text.) NH, | NH, 
HN, N A a NH, 
r Y 
Tr a 
NH, NH; 


a dimer of Melmac 
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21. 
Н,С= H—B' 
GOH | {Өн в Он 
H CH,OH 
Н,С=0Н —— CHOH —— N 


+ HB' 
on Q 


Bakelite 
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22. 
& COSE HCH НОН C= chain-growth polymer 
| F F F 
| b. —-CH,CHCH,CHCH,CH— chain-growth polymer 
| СОН СОН CO,H 
| ТЕТІ | | | 
€ — О(СН),СО(СН;) СО(СН;)С— step-growth polymer 
T T il | 
а. —NH(CHj;NHC(CHj.CNH(CH;NHC(CH;,C— step-growth polymer 
| | i 
| 
е. —ОСМ NHCOCH;CH,OCNH NHCO— 
step-growth polymer 
CH, CH, 
23. 
 —CH,CHjOCHCHN N 
а. — == 
2 2 \ ; | 
b 


CH; єн; 
AOR OO 
CH, CH, 
-< У-осаснсно-(/ у меснснен-- 


e 


с. 
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24. 
CH; 
a. СН;--СНСН;СН; e CH,=CCH=CH, 
О | 
b. ZA Е HO(CH,),COH 
CH, 
| £ CH,=CCH, 


Bi 
| с. сво, во + НСНУ МН, 
"ZR 1 | 
жы ас а. ЧИНЕ h. нос-/ сон» HOCH,CH,OH 


a, b, d, e, and g are chain-growth polymers. 


| c, f, and В are step-growth polymers. 


25. | Whether a polymer is isotactic, syndiotactic, or atactic depends on whether the substituents are 
all on one side of the carbon chain, alternate on both sides of the chain, or are random with 
respect to the chain. Because a polymer of isobutylene has two identical substituents at each 
carbon in the chain, different configurations are not possible. 


CH, єн; СН; CH, 
—CH,CCH,CCH,CCH,C— 
CH, CH, CH, CH; 


polymer of isobutylene 


26. | 
a. CH;0CH,CHOCH,CHOCH,CHOCH,CHO— 
CH, CH, CH, CH; 
| b. CH;CH;CH;CH;CH;CHCH;CHCH,CHCH,CH— 
ааа а 
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CH, CH, CH, CH, 
с —CH,C—CH,C—CH,C—CH,C— 


МСН; NCH; NCH, NCH, 


|| || || 
d. —NH(CH,),CNH(CH,),CNH(CH,),C— 


€. Depending on the particular Ziegler-Natta catalyst used, the double bonds 
can be either cis or trans. 


сє, — CH,CH, — CH,CH, 
--СН;С--ССН;СН;С--ССН;СН;С--ССН,-- Or 


CH; CH; CH, 
— CHC-CCH;CH;C-CCH;CH;C-CCH;— 
СН; CH; CH; 


f. F;B-CH,CHCH;CHCH,CHCH;CHCH,CH— 
CH, CH, CH, CH, сн, 
CH, CH, CH, CH, CH, 


| 
CH, CH, CH, CH, CH, 


27. 
a. Because it is a polyamide (and not a polyester), it is a nylon. 


О О 


|| || 
b. нм о у—нн, апа НОС(СН,СОН 


28. А copolymer is а polymer composed of more than one kind of monomer. Because the initially 
formed carbocation can rearrange, two different monomers are involved in formation of the 


polymer. 
СН; СН; 
Ж + | 1,2-methyl shift | + 
ырен ЕН; — = кеен ЕП, 
CH; CH; 
unrearranged monomer rearranged monomer 
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29. The polymer in the flask that contained a high molecular weight polymer and little material of 
intermediate molecular weight was formed by a chain-growth mechanism, whereas the polymer 
in the flask that contained mainly material of intermediate molecular weight was formed by a 
step-growth mechanism. 


In a chain-growth mechanism, monomers are added to the growing end of a chain. 
This means that at any one time there will be polymeric chains and monomers. 


Step-growth polymerization is not a chain reaction; any two monomers can react. 


Therefore, high molecular weight material will be formed by the reaction of two pieces of 
intermediate molecular weight. 


30. а. Vinyl alcohol is unstable, it tautomerizes to acetaldehyde. 


ria || 
vinyl alcohol acetaldehyde 


b. It is not a true polyester. It has ester groups as substituents on the backbone of the chain so 
it does have "polyester" groups, but it does not have ester groups within the backbone of the 
polymer chain. A true polyester has ester groups in the backbone of the polymer chain. 


31. Басһ of the five carbocations shown below can add the growing end of the polymer chain. 


1,2-hydride `- | 1,2-ћудпде CH, 
+ shift + shift —— Hl 
CH CHCH; CH; 
CHCH; CH; 
CH; 1,2-methyl 
shift 
CH, — 12-hydride T 
A 
—CH,CH,CHCH бі, —CH,CH,CCH,CH; 
CH, 


32. | Because 1,4-divinylbenzene has substituents on both ends of the benzene ring that can engage 
in polymerization, the polymer chains can become cross-linked, which increases the rigidity of 
the polymer. 
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CH=CH, 


4 1,4-divinylbenzene 


CH=CH, 
--СН--СН;-СН--СН;-СН--СН;-СН-СН;- 


2000 


— CH—CH;- CH—CH;-CH-CH, 


—CH—CH,—cH Б] 
Bu Ss 


Glyptal gets its strength from cross-linking. 

[S 
| || ? || 
EQ) оо (Г) od 


33. 


S О О 
Сосн,снсн,ос— 
Й oc- 
Cz 
у 
i^g 
CHOC СИИ 
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34. 


RO ш. | 
CH; б.  :ÓCH,CH;C—OR 
В 


Mere CH; 


CH; 
A 
сн; сн; сн; 0 
— OCH;CH;COCH;CH,COCH;CH;COCH;CH,C—OR 
CH; CH; сн; 


35. Both compounds can form esters via intramolecular or intermolecular reactions. The product 
of the intramolecular reaction is a lactone; the intermolecular reaction leads to a polymer. 


5-Hydroxypentanoic acid reacts intramolecularly to form a six-membered-ring lactone, 
whereas 6-hydroxyhexanoic acid reacts intramolecularly to form a seven-membered-ring lactone. 


О 
|| 
HOCH,CH,CH,CH,COH —— [x 
5-hydroxypentanoic acid 
O 
pos 
HOCH,CH,CH,CH,CH,COH — О 


6-hydroxypentanoic acid 


The compound that forms the most polymer will be the one that forms the least lactone, 
because the two reactions compete with one another. 


The six-membered-ring lactone is more stable and so is the transition state for its formation, 
compared to a seven-membered ring lactone. Since it is easier for 5-hydroxypentanoic acid 
to form the six-membered ring lactone, than for 6-hydroxyhexanoic acid to form the seven- 
membered ring lactone, 6-hydroxypentanoic acid will form more polymer. 
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36. Rubber contains cis double bonds. Ozone, which is present in the air, oxidizes double bonds to 
carbonyl groups, destroying the polymer chain. Polyethylene does not contain double bonds, so 
it is not air-oxidized. 


37. The plasticizer that keeps vinyl soft and pliable can vaporize over time, causing the polymer to 
become brittle. For this reason, high boiling materials are preferred over low boiling materials as 
plasticizers. 


38. а. Because the negative charge on the propagation site can be delocalized onto the carbonyl 
oxygen, the polymer is best prepared by anionic polymerization. 


CH, a CH, 

CH, =C CH, =CH CH, =C CH,=CH 
С Кт CEU M 
А С= COO rae COO 


СН;СН;СН;СН, Li | Я 
О | О 


| y NO, NO; 
| 
CH; CH, _ єн, CH, 
—CH,CHCH,CHCH,CHCH,CH— dl —CH,CHCH,CHCH,CHCH,CH— 
2 


С=О СОО dco COO COO COO COO СООТ 
О 


| 
| 
NO; NO, 
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b. The carboxyl substituent is in position to remove a proton from water, making water a 
stronger nucleophile. (See page 1013 of the text.) 
ÇH; ÇH; 
рое 
c=0 СН, С=О СОО 


МО, NO, 


х 


39. Hydrolysis converts the ester substituents into alcohol substituents, which can react with 
ethylene oxide to graft a polymer of ethylene oxide onto the backbone of the random polymer of 


styrene and vinyl acetate. 
—CH,CHCH,CHCH,CHCH,CHCH,CHCH,CHCH,CH— 


| | | 

РАЧА 
et Ces оқ 

С CH; 


H, CH; 


lo А 


HCH,CHCH,CHCH,CHCH,CHCH,CHCH,CH 


в Ô | Ô Ô ін 5 


ethylene oxide 


41. 
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— CH,CHCH;CHCH;CHCH;CHCH;CHCH;CHCH;CH— 


О 0 О 
сн, єн, CH; 
CH, CH, CH; 
О О О 
ен, сн, сн, 
СН, CH, CH; 
О О О 
б ds ls, 
CH, CH, CH; 
О О 
| | | 


The desired polymer is an alternating copolymer of ethylene and 1,2-dibromoethylene. 


CH,—CH, CH=CH 
| | 
Вг Вг 
а. | 
H H Eu H H 
/ / 24 / 
HO=C ^ odd 4^ Md С Md go a 
H H H H H 


HO—CH;—0-—CH,—0-—CH;—0-CH,—0-CH,— 


Delrin 


b. Delrin is a chain-growth polymer, 


СНАРТЕК 29 
Pericyclic Reactions 


Important Terms 


antarafacial bond 
formation 


antarafacial 
rearrangement 


antibonding л molecular 
orbital 


asymmetric molecular 
orbital 


bonding л molecular 
orbital 


Claisen rearrangement 


conrotatory ring closure 


conservation of orbital 
symmetry theory 


Cope rearrangement 


cycloaddition reaction 


disrotatory ring closure 


electrocyclic reaction 


excited state 


frontier orbital analysis 


frontier orbitals 


frontier orbital theory 


formation of two o bonds from Opposite sides of the л system. 


a rearrangement where the migrating group moves to the opposite face 
the л system. 


a molecular orbital that results when two parallel atomic orbitals with 
opposite signs interact. Electrons in an antibonding orbital decrease bor 
strength. 


a molecular orbital in which the left half is not a mirror image of the rig 
half. 


a molecular orbital that results when two parallel atomic orbitals with tt 
same sign interact. Electrons in a bonding orbital increase bond strength 


a [3,3] sigmatropic rearrangement of an allyl vinyl ether. 


achieves head-to-head overlap of л orbitals by rotating the orbitals in thi 
same direction. 


a theory that explains the relationship between the structure and 
stereochemistry of the reactant, the conditions under which a pericyclic 
reaction takes place, and the stereochemistry of the product. 


a [3,3] sigmatropic rearrangement of a 1,5-diene. 


a reaction in which two m-bond-containing molecules react to form а cyc 
compound. 


achieves head-to-head overlap of т orbitals by rotating the orbitals in 
opposite directions. 


a reaction in which ал bond in the reactant is lost so that a cyclic 
compound with a new o bond can be formed. 


à description of which orbitals the electrons of an atom or molecule occur 
when an electron in the ground state has been moved to a higher energy 
orbital. 


determining the outcome of a pericyclic reaction using frontier molecular 
orbitals. 


the HOMO and the LUMO. 
а theory that, like the conservation of orbital symmetry, explains the 


relationship between reactant, product, and reaction conditions in a 
pericyclic reaction. 
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ground state a description of which orbitals the electrons of an atom or molecule occupy 
when they are all in their lowest energy orbitals. 
highest occupied the molecular orbital of highest energy that contains an electron. 


molecular orbital (HOMO) 


linear combination of the combination of atomic orbitals to produce a molecular orbital. 


atomic orbitals (LCAO) 


lowest unoccupied 


| the molecular orbital of lowest energy that does not contain an electron. 
| molecular orbital (LUMO) 


| molecular orbital (MO) 
| theory 


describes a model in which the electrons occupy orbitals as they do in 
atoms but with the orbitals extending over the entire molecule. 


pericyclic reaction a reaction that occurs as a result of a cyclic reorganization of electrons. 


photochemical reaction a reaction that takes place when a reactant absorbs light. 


polar reaction the reaction between a nucleophile and an electrophile. 


radical reaction a reaction in which a new bond is formed using one electron from one 


reagent and one electron from another reagent. 


selection rules the rules that determine the outcome of a pericyclic reaction. 


sigmatropic 
rearrangement 


suprafacial bond 


a reaction in which a o bond is broken in the reactant, a new 6 bond is 
formed in the product, and the л bonds rearrange. 


formation of two с bonds from the same side of the л system. 


| formation 
suprafacial a rearrangement where the migrating group remains on the same face of the 
rearrangement T system. 

| 

| symmetric molecular a molecular orbital in which the left half is a mirror image of the right half. 
orbital 

: symmetry-allowed a pathway that leads to overlap of in-phase orbitals. 

| pathway 

| symmetry-forbidden a pathway that leads to overlap of out-of-phase orbitals. 

| pathway 


thermal reaction a reaction that takes place without the reactant having to absorb light. 


= Woodward-Hoffmann 
rules 


a series of selection rules for pericyclic reactions. 
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Solutions to Problems 


1. а. electrocyclic reaction c. cycloaddition reaction 


b. sigmatropic rearrangement d. cycloaddition reaction 


. bonding orbitals = yi, yo, ys; antibonding orbitals = V4, ys, We 

. ground-state HOMO = уз; ground-state LUMO = уд 

. excited-state HOMO = y4; excited-state LUMO = ys 

. symmetric orbitals = ул, V5, Vs; asymmetric orbitals = wo, V4, 16 


e. The HOMO and LUMO have opposite symmetries. 


о 


3. а. 8 л molecular orbitals b. y4 c. 8 nodes (includes the node that passes through 
the centers of the p orbitals). 


4. а. 1,3-Pentadiene has two conjugated л bonds, so it has the same л molecular orbital description 
as 1,3-butadiene, a compound that also has two conjugated л bonds. (See Figure 29.2 on 
page 1180 of the text.) 


b. The л bonds in 1,4-pentadiene are isolated, so its л molecular orbital description is the same 
as ethene, a compound with an isolated л bond. (See Figure 29.1 on page 1179 of the text.) 


| | с. 1,3,5-Heptatriene has three conjugated л bonds, so it has the same л molecular orbital 
description as 1,3,5-hexatriene, a compound that also has three conjugated л bonds. 
See Figure 29.3 on page 1181 of the text.) 


d. 1,3,5,8-Nonatetraene has three conjugated л bonds and an isolated л bond. The three 
conjugated ті bonds are described by Figure 29.3 and the isolated m bond by Figure 29.1. 


| | 2, 4, or 6 conjugated double bonds 3, 5, or 7 conjugated double bonds 


О ж Q Ф 
é 5 à 


6. 


10. 
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а. (2E,4Z,6Z,8E)-Decatetraene has an even number of conjugated л bonds (4). Therefore, under 
thermal conditions, ring closure will be conrotatory. 


b. The substituents point in opposite directions, and conrotatory ring closure of such substituents 
will cause them to be trans in the ring-closed product. 


c. Under photochemical conditions, a compound with four conjugated т bonds will undergo 
disrotatory ring closure. 


d. Because ring closure is disrotatory and the substituents point in opposite directions, the 
product will have the cis configuration. 


a. correct b. correct с. correct 
1. а. conrotatory 2. a. disrotatory 
b. trans b. cis 


The reaction of maleic anhydride with 1,3-butadiene involves three 7t bonds in the reacting 
system, and such a reaction under thermal conditions involves suprafacial ring closure. 


O 
Ж” 
O 
~ A 
1,3-butadiene O 


The reaction of maleic anhydride with ethylene involves two 7t bonds in the reacting system, and 
such a reaction under thermal conditions involves antarafacial ring closure, which cannot occur 
with a four-membered ring. 


O 


| | 


ethene O 


Solved in the text. 


806 = 29 


р 
[08 


је we are dealing with formation of а small ring, ring closure will have to be suprafacial. 
photochemical conditions, suprafacial ring closure requires an even number of л bonds in 
пр system. Thus, a concerted reaction will occur but it will use only one of the л bonds 
_. .,~-vutadiene. 


nil 0 || 
| CH,—CH 
| CH,=CH— CH У = 
|| || + 
|| єн; 
| B 12. а. 1. [1,7] sigmatropic rearrangement 3. [5,5] sigmatropic rearrangement 
| | 2. [1,5] sigmatropic rearrangement 4. [3,3] sigmatropic rearrangement 
|| b. 1 = ga 
TN ELE | 
ME Сан y CH, CH, CH; 
di 
| 
| 


———M 
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13. 
О Ф | OH 
pur жа 
Н i — 
Пас Nac Nac 


14. If a nondeuterated reactant had been used, the product would have been identical to the reactant. 
Therefore, the rearrangement would not have been detectable. 


15. — Asuprafacial rearrangement can take place under photochemical conditions if there are an even 
number of electrons in the reacting system. Therefore, a 1,3-hydrogen shift occurs. 


С» 


а [1,3] sigmatropic D 
migration of deuterium 


А suprafacial rearrangement can take place under thermal conditions if there are an odd 
| number of electrons in the reacting system. Therefore, a 1,5-hydrogen shift occurs. 


- p A 
У | м/и” 


а [1,5] sigmatropic 
migration of deuterium 


16. Solved in the text. 


= 17. [1,3] Sigmatropic migrations of hydrogen cannot occur under thermal conditions, because the 
four-membered transition state does not allow the required antarafacial rearrangement. 


[1,3] Sigmatropic migrations of carbon can occur under thermal conditions because carbon can 
achieve the required antarafacial rearrangement by using both of its lobes when it migrates. 
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18. а. Because 1,3-migration of carbon requires carbon to migrate using both of its lobes (it 
involves an even number of pairs of electrons, so it takes place by an antarafacial pathway), 
migration will occur with inversion of configuration. 


b. Because 1,5-migration of carbon requires carbon to migrate using only one of its lobes 
(it involves an odd number of pairs of electrons, so it takes place by a suprafacial pathway), 
migration will occur with retention of configuration. 


19. Because the [1,7] sigmatropic rearrangement takes place under thermal conditions and involves 
an even number (4) of pairs of electrons, migration of hydrogen involves antarafacial 
rearrangement. 


20. Because the reactant (provitamin D3) has an odd number (3) of conjugated л bonds and reacts 
under photochemical conditions, ring closure is conrotatory. The methyl and hydrogen 
substituents point in opposite directions in provitamin D3. Conrotatory ring closure will cause 
substituents that point in opposite directions in the reactant to be trans in the product. 


21. 


H H 
е ње h нс, сн, 
нус, ен, DEL H4C / Ng 
H H Н СН; 


22. 
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Because the compound has ап odd number of л bonds, it will undergo disrotatory ring 

closure under thermal conditions and conrotatory ring closure under photochemical 

conditions. 

In the compounds in which the two methyl substituents point in opposite directions, they will be 
cis in the ring-closed product when ring closure is disrotatory and trans in the ring-closed 
product when ring closure is conrotatory. 

In the compounds in which the two methyl substituents point in the same direction, they will be 
trans in the ring-closed product when ring closure is disrotatory and cis in the ring-closed 
product when ring closure is conrotatory. _ 


CH,CH, CH;CH; 
| СК | СТ 
"CHCH; 


CH,CH, 


CH,CH, CH,CH 
44 < өе 
"сњсњ, CH;CH, 


23. Chorismate mutase catalyzes a [3,3] sigmatropic rearrangement. 


thermal conditions), 


24. The hydrogens that end u 
ing closure is disrotatory (odd number of л bonds, 
i : 1188 of the text.) 


H 


H 
ure point in the same directions in the reactant. Ring 


The hydrogens that end up at the ring junct 
ory, so the hydrogens in the ring-closed product are trans. 


closure is still disrotat 
H 
— ср 
H 


25. 


H, 


(Ho A 
CH, Pd/C 


| 
| 


2. Because the compound has an even number of x bonds, it will undergo conrot 
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. Because the compound has an even number of л bonds, it will undergo conrotatory ~ 


closure under thermal conditions and disrotatory ring closure under photochemical Ting 
conditions. Because the two methyl substituents point in opposite directions, t ey wi 
trans in the ring-closed product when ring closure is conrotatory and cis in the tin Will be 
product when ring closure is disrotatory. &-closeg 
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closure under thermal conditions and disrotatory ring closure under photochemica] ВВ 
conditions. Because the two methyl substituents point in the same direction, they wil / 
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28. 


29. 


30. 
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B is the product. Because the reaction is a [1,3] sigmatropic rearrangement, antarafacial ring 
closure is required. Carbon, therefore, must migrate using both of its lobes. This means that the 
configuration of the migrating carbon will undergo inversion. The configuration of the migrating 
carbon has been inverted in B (the H's are cis to one another but were trans to one another in 

the reactant) and retained in A. 


О 
|| О О 
Н;ССО Н || || 
р ОССН; ОССН; 
Н 
-----»- HH D 
E D C H 
the H's are trans retention inversion 
to one another A B | 
the H's are trans the H's are cis 
to one another to one another 


At first glance it is surprising that the isomerization of Dewar benzene (a highly strained and 
unstable molecule) to benzene (a stable aromatic compound) is so slow. However, the 
isomerization requires conrotatory ring-opening, which is symmetry-forbidden under thermal 
conditions. The reaction, therefore, cannot take place by a concerted pathway and has to take 
place by a much slower stepwise process. 


Hydrogen cannot undergo a [1,3] sigmatropic rearrangement, because it cannot migrate by a 
suprafacial pathway since its HOMO is asymmetric. Carbon can undergo a [1,3] sigmatropic 
rearrangement because it can migrate by a suprafacial pathway if it uses both of its lobes. 
So, the first compound can undergo only a 1,3-methyl group migration. 

H H 

ƏН H3C К! 


НС Н.С 
Н.С “сн, сн, 


Тһе second compound can under the 1,3-methyl group migration that the first compound 
undergoes, and the sec-butyl group can also undergo a [1,3] sigmatropic rearrangement. 
The migrating sec-butyl group will have its configuration inverted. 
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28. B is the product. Because the reaction is a [1,3] sigmatropic rearrangement, antarafacial ring 
closure is required. Carbon, therefore, must migrate using both of its lobes. This means that the 
configuration of the migrating carbon will undergo inversion. The configuration of the migrating 
carbon has been inverted in B (the H's are cis to one another but were trans to one another in 
the reactant) and retained in А. 


| 
О 
Н.ССО H || || 
р OCCH; ОССН; 
Н 
———— HH D 
С C" 
the H's are trans retention inversion 
to one another А В 
the H's are trans the H's are cis 
to one another to one another 


29. At first glance it is surprising that the isomerization of Dewar benzene (a highly strained and 
unstable molecule) to benzene (a stable aromatic compound) is so slow. However, the 
isomerization requires conrotatory ring-opening, which is symmetry-forbidden under thermal 
conditions. The reaction, therefore, cannot take place by a concerted pathway and has to take 
place by a much slower stepwise process. 


30. Hydrogen cannot undergo а [1,3] sigmatropic rearrangement, because it cannot migrate by a 
suprafacial pathway since its HOMO is asymmetric. Carbon can undergo a [1,3] sigmatropic 
rearrangement because it can migrate by a suprafacial pathway if it uses both of its lobes. 
So, the first compound can undergo only a 1,3-methyl group migration. 

H 


E uH Н.С 


Н 
Же! 


Н.С Н.С 
Н.С CH; CH, 


| The second compound can under the 1,3-methyl group migration that the first compound 
undergoes, and the sec-butyl group can also undergo a [1,3] sigmatropic rearrangement. 
The migrating sec-butyl group will have its configuration inverted. 
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CHCH; CHCH; 
СН-СН 3 1 Ба ај Н.С и pu 
2СН; 1,3- sec-buty 1,3-methyl 3 aH 
НЗС, а group migration “мН group migration * 
------ == 
H^ vi \ H4C 
и 3 
HC СН; нұс сн; CH; 


31. Ап infrared absorption band is indicative of a carbonyl group. A [3,3] sigmatropic rearrangement 
of the reactant leads to a compound with two enolic groups. Tautomerization of the enols results 


| E in keto groups. The ketone carbonyl groups are what give the absorbance at 1715 cm”. 


i ith СН; СН; О О 
|| < e — ee tautomenzatg CH,CCH,CH,CH,CH,CCH, 
Mi CH; CH, | 


НИ 32. The reaction is а [1,7] sigmatropic rearrangement. Since the reaction involves four pairs of 

E electrons, antarafacial rearrangement occurs. Thus, when H migrates, because it is above the 
n. plane of the reactant molecule, it ends up below the plane of the product molecule. When D 
migrates, because it is below the plane of the reactant molecule, it ends up above the plane of the 
product molecule. 1 


816 


31. 
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HY: ACH; на „Св 
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er group migration «nH —— group migration | 
—— д ME 
H^ Т ) Н.С 
ЊС' Н.С 3 
Н.С CH; НС CH, CH; 


Ап infrared absorption band is indicative of a carbonyl group. А [3,3] sigmatropic rearrangement 
of the reactant leads to a compound with two enolic groups. Tautomerization of the enols results 


in keto groups. The ketone carbonyl groups are what give the absorbance at 1715 ст . 
CH 


3 СН. О О 
№ izati || || 
ОН ОН tautomerization 
CH; CH; 


The reaction is a [1,7] sigmatropic rearrangement. Since the reaction involves four pairs of 
electrons, antarafacial rearrangement occurs. Thus, when H migrates, because it is above the 
plane of the reactant molecule, it ends up below the plane of the product molecule. When D 
migrates, because it is below the plane of the reactant molecule, it ends up above the plane of the 
product molecule. | ; 
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33. 


34.  Disrotatory ring closure of (2E,4Z,6Z)-octatriene leads to the trans isomer, which can exist as a 
pair of enantiomers. One enantiomer is formed if the "top lobes" of the p orbitals rotate toward 
one other , and the other enantiomer is formed if the “bottom lobes" of the p orbitals rotate 

_ toward one other. 


CH, 


кемен СН; «СҢ; 
Н А М 
| a 4 
СН; ШТ 
== СН; СН; 


| Н 
(ЕД 7,6 Z)-octatriene 


In contrast, disrotatory ring closure of (2E,4Z,6E)-octatriene leads to the cis isomer, which 
is a meso compound and, consequently, does not have a nonsuperimposable mirror image. 
Therefore, the same compound is formed from the "top lobes" of the p orbitals rotating 
toward one other and from the "bottom lobes" of the p orbitals rotating toward one other. 


CH, 


СН. 
(2E,4 7,6 E)-octatriene 
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33. 


34.  Disrotatory ring closure of (2E,4Z,6Z)-octatriene leads to the trans isomer, which can exist as a 
pair of enantiomers. One enantiomer 15 formed if the “top lobes” of the p orbitals rotate toward 
one other , and the other enantiomer is formed if the "bottom lobes" of the p orbitals rotate 
toward one other. 


сн; 


— H СН; «СН; 
А “ 
| ew + 
СН; "a 
= 'СН, 


CH, 
H 
(2ЕА 7,6 Z)-octatriene 


In contrast, disrotatory ring closure of (2E,4Z,6E)-octatriene leads to the cis isomer, which 
is a meso compound and, consequently, does not have a nonsuperimposable mirror image. 
Therefore, the same compound is formed from the "top lobes" of the p orbitals rotating 
toward one other and from the “bottom lobes” of the p orbitals rotating toward one other. 


CH, 


СН; 
(2ЕА 7,6 E)-octatriene 
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36. 


37. 
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Under thermal conditions a compound with two л bonds undergoes conrotatory ring closure. 
Conrotatory ring closure that results in a ring-closed compound with the substituents cis to one 
another requires that the substituents point in the same direction in the reactant. Therefore, the 
product with the methyl substituents pointing in the same direction is obtained in 99% yield. 


| | | 
E a 


| 1% 99% 
methyl groups point in opposite directions methyl groups point in the same direction 
CD; 
di C6H5 us СН; / f 
xa ACH; 7 | an 
СН; Сена 
СН; 


Because the reactant has two л bonds, ring closure is conrotatory. 
Two different compounds, X and У, can be formed because conrotatory ring closure 
can occur in either a clockwise or a counterclockwise direction. 


/ 2 both clockwise `. Сенг CH; 
ыы 
D CH 


CH; СН; 3 X CD, 
bu Ы, 
CH f / both counterclockwise. CH4 CD, 
625 CD, 
Ce СН; Сен; CH; 
UN. 4 
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| 
| | Each of the compounds (X and Y) can undergo a conrotatory ring-opening reaction in either 
|| a clockwise ог a counterclockwise direction to form either А or B. 
I А and B are the only isomers that can be formed. 
В CoHs 
|| 
||| 2 C 
: | СН; СН; 3 / 2 = D 
| дн ср, CH, "T Cols 
| 3 X | CH. C 6115 
i wy в Е CH; 
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| ој бот, > / / 2 2 “сен; 
| CHÍ у “CD, Сен; co, Hs 
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| Қт 3 6:45 Сон; 
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|| 
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mm — „РГ - Се 
СН СН 
Сена CH; єз ен, бн» yo 
| ) 6115 
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СН5 
| СН; у fo ee 0 / 2 _ (* "с 
| сен: CH; СН; сын; <. Сена 
| а Y v» СН; CD; 
| В СНз 
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39. Because the compounds that undergo ring closure to give A and B have two л bonds, ring 
and B are cis, they must point in the same direction in the ring-opened product. To have the two 


hydrogens pointing in the same direction, one of the double bonds in the ring-opened compound 


An eight-membered ring is too small to accommodate cojugated double bonds with one cis and 
the other trans, so A will not be able to undergo a ring-opening reaction under thermal 
conditions. 


А ten-membered ring сап accommodate a trans double bond, so B will be able to undergo a ring- 
opening reaction under thermal conditions. . 


o Orq 


H 
АН 


Both double bonds are cis. 


H H 
ел cis double bond — Cn 
GC. 1 
B 


trans double bond 


40. Тһе compound undergoes а 1,5-hydrogen shift of D or a 1,5-hydrogen shift of H. In each case, 
an unstable nonaromatic intermediate is formed that undergoes a subsequent 1,5-hydrogen shift 
to form an aromatic product. 


Ox за 
1,5] Н 


У 
а попагота с aromatic 
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nonaromatic aromatic 


41. Because the reacting system of the ring-opened compound has three conjugated п bonds 
involved in the reaction, conrotatory ring closure will occur under photochemical conditions, and 
trans hydrogens require that the hydrogens point in the opposite direction in the ring-opened 

| compound. Thermal ring closure of a three л bond system is disrotatory, and disrotatory ring 

closure of a compound with hydrogens that point in opposite directions will cause those 


hydrogens to be cis in the ring-closed product. 


H H 
| —> —> 
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|| 42. A Diels-Alder reaction is followed by an. extrusion reaction that eliminates CO2. An extrusion 
| reaction is a reaction in which a neutral molecule is eliminated from a molecule. 
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CHAPTER 30 


The Organic Chemistry of Drugs: Discovery and Design 


Important Terms 


antiviral drug 


bactericidal drug 
bacteriostatic drug 


blind screen 
(random screen) 


brand name (proprietary 
name, trade name) 


combinatorial organic 
synthesis 


distribution coefficient 


drug 


drug resistance 


drug synergism 


generic name 
lead compound 


molecular modeling 


molecular modification 
orphan drug 
proprietary name 
quantitative structure- 
reactivity relationship 


(QSAR) 


random screen 
(blind screen) 


receptor 


a drug that interferes with DNA or RNA synthesis in order to prevent a 
virus from replicating. 


a drug that kills bacteria. 
a drug that inhibits the further growth of bacteria. 


the search for a pharmacologically active compound without any 
information about what chemical structures might show activity. 


identifies a commercial product and distinguishes it from other products. 
It can be used only by the owner of the registered trademark. 


the synthesis of a library of compounds by covalently connecting sets of 
building blocks of varying structure. 


the ratio of the amount of a compound dissolving in each of two solvents. 


a compound that reacts with a biological molecule, triggering a 
physiological effect. 


resistance to a particular drug. 


when the effect of two drugs used in combination is greater than the sum of 
the effects obtained when administered individually. 


a name for a drug that anyone can manufacture. 
the prototype in a search for other biologically active compounds. 


computer-assisted design of a compound with a structure similar to that of 
a compound with the desired activity. 


changing the structure of a lead compound. 
a drug for a disease or condition that affects fewer than 200,000 people. 


identifies a commercial product and distinguishes it from other products. 
It can be used only by the owner of the registered trademark. 


the relation between a particular property of a series of compounds and 
their biological activity. 


the search for a pharmacologically active compound without any 
information about what chemical structures might show activity. 


the site where a drug binds in order to exert its physiological effect. 


suicide inhibitor 


therapeutic index 
trademark 


trade name 


A —  M— 00 
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а compound that inactivates an enzyme by undergoing part of the normal 
catalytic mechanism. 
the ratio of the lethal dose of a drug to the therapeutic dose. 
a registered name, symbol, or picture. 


identifies a commercial product and distinguishes it from other products. 
It can be used only by the owner of the registered trademark. 
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Solutions to Problems 


1. a. ethyl para-aminobenzoate b. 2-(N,N-diethyl)ethyl para-aminobenzoate 


There are many possibilities. The following are just a few of them. 


OCH, CH; 
CH3CH, СТ CH.CH 
О 3 2 


© / 


CH3CH, CH,CH, О CH, 
N(CH;) | 
| CH4CH 
бнкы 3427 
“NOX CH3CH 
N С | жа їн 
/ | N^ “С 
CH4CH, O [| 


CH;CH, 0 CHCH, 


3. The compound on the left has an electron-donating substituent, while the compound on the right 
has an electron-withdrawing substituent in the same position. Because the compounds known to 
be effective tranquilizers have an electron-withdrawing substituent in that position (Cl or NO2), 
the compound on the right is more likely to show activity as a tranquilizer. 


CH : SU CH 
го | (75-6 
i " d 
СНО М. CHC N 
E. ER. 
electron-donating electron-withdrawing (7 
substituent substituent 
4. Anesthetics have been found to have similar distribution coefficients, which means that they have 


similar polarities. Since diethyl ether is a known anesthetic, ethyl methyl ether with a polarity 
similar to that of diethyl ether is more apt to be a general anesthetic than propanol, which is 
considerably more polar. 
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5. The electron-withdrawing 502 group is weakl 


y basic and, therefore, an excellent leaving group. 
The weak carbon-sulfur bond aids imine formation. 


6. a. The chloro-substituted compound would be expected to be a more potent inhibitor because 
potency increases with the ability of the substituents to donate electrons. 


NH, МН» 
М 
мА“ СІ мА“ О, 
А о» 
Нм М ОНОН; НМ М ОН 
CH; 


CH; 


b. The compound with the pentyl substituent would be expected to be a more potent inhibitor 
because potency increases with increasing hydrophobicity of one of the substituents. 


| NH, NH, 
| сн CH,CH 
N Su 3 Ж М Su 2 3 
A pa 
> > 
| HjN^ ^N CH;CHCH;CH; HjN^ “№ CH,CHCH; 
CH, CH; 


7. 


Tetrahydrocannabinol is a safer drug because it has a higher therapeutic index. 


therapeutic index = Лева! dose 
therapeutic dose 


tetrahydrocannabinol = КЕ _ 2000 mg/kg _ 100 
20 mg/kg 20 mg/kg 
sodium pentothal = Hoke = 33 
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8. Hydrolysis frees the coenzyme and forms a reactive «,B-unsaturated amino acid that can react 
with the coenzyme bound to its enzyme. This reaction causes the imine linkage to be converted 
into an amine linkage that cannot be hydrolyzed to release the enzyme. In this way the enzyme 
is deactivated. 


| ol 
нсво ly Co е 


М М О 
> > 
нс” нс” нс” 
О 
Ж Ж” H,O 2 И _ 
| — | шасы | + а 
< + ~ + EN 
Қ N H nS 
жы 
+ 
о NH, CH, NH(CH),),-E + 
NE LIA CNHCH,),-E 
ОС-С--С-СН ? НС 
CH,=C=C—CO 
Ж Ж 
OS + ~ + 
М М 
Н Н 
H* | 
о О CH, NH(CH,),-E 
їйї ЇЇ? У 
-0C—C—C—CH 
Ж” + 
| + NH, 
5 + 
М 
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10. 


Chapter 30 


Aclovir differs from guanosine in that it has a hydroxy-ether substituent rather than a ribose. 
Cytosar differs from cytidine in that it has the 2-OH group in the £-position. 
Viramid has an unusual heterocyclic base attached to ribose. 


Herplex differs from 2'-deoxyuridine in that it has an iodo substituent in the 5-position. 


| 
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11. 


O O 
О Ji || 
NH, T NHCCH, NHCCH, 
Ky" sk O ХХ 
—— —h Z Ч95 о 
СІ СІ СІ > 


H*, HO | ^ 
О | 
NHCOC(CH;), 
on к 
20 О О 64 О 
ы а | йо ос с? 
(CH3) СОСМНСН;СЕ 
—— — 


1. СЕ СООН | 2. A 
CH,Cl, 
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12. 
+ 
CH,OH CH,SCH,CH,NH, ain 
N на N (ти 
б \ + нѕсн,сн,мн, <> ( \ | 
gom Н. S hod "(> 
CH,SCH,CH,NH, 
N 
б \ 
М СН; | 
ON N 
| > | 
0 Т ІК. 
nip ) 
CH,SCH,CH,NH CH,SCH,CH,NH CH,SCH,CH,NH 
у -—— | са d Y 
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| ек 
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Answers to Chapter 1 Practice Test 


1. а. НВг b. NH3 с. а carbon-fluorine bond d. CCl4 
2. CH CH, CH, 3. i 
sp? sp? sp? н:0:С:0: 
+ 
4.  CH4COO^ CH4CH;OH СН.ОН CH4CH;NH; 
5; +МН4 6. -NH2 


7. CH3CH,CH,CH=CH, or CH4CH;CH-—CHCH, or СН.СНСН=СН, 


СН; 
+ 
8. a. CHOH + NH, сњубн + NH, b. reactants 
9. а. 152 252 2py 2py b. 152 2s 2py 2py 2p; 10. CH CEC HCOOH 
| Cl 
| || 
11. о=<с=0 НСОН HC=N CHOCH; CH,CH=CH, 
( 5р sp? Sp sp? sp3 
! 
| 12. а. A pi bond is stronger than a sigma bond. F 
: b. A triple bond is shorter than a double bond. T 
c. The oxygen-hydrogen bonds in water are formed by the overlap of an sp2 orbital of 
oxygen with an s orbital of hydrogen.  : "E F 
d. HO" is a stronger base than "NH?. F 
€. A double bond is stronger than a single bond. T 
f. A tetrahedral carbon has bond angles of 107.5°. F 
g. A Lewis acid is a compound that accepts a share in a pair of electrons. T 
Answers to Chapter 2 Practice Test 
1. 3-methyloctane 
2. а. CH,CH, b. CH,CH, CH,CH, с. CH,CH, 
H Н ры СНС H 
H H 87 H H H 
| СН,СН, H 
| 
| 3. a. sec-butyl chloride, 2-chlorobutane c. cyclopentyl bromide, bromocyclopentane 


b. isohexyl alcohol, 4-methyl-1-pentanol 
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4. a. CH;CH,CH,CH,CH,Br CH4CH;CHjBr CH4CH;CH4CH5Br 
1 3 2 
b. СН;СН;СН;СН;СН; CH4CH;CH;CH;OH CH4CH;CH;CH;CI 
3 1 2 
СН; СН; 
с. CEDE e Ha CH4CH;CH;CH;CH;CH;CH;CH; SEDCHCTOCEGCEDGESCEG 
CH, CH; 1 CH, 2 
3 
5. a. 6-methyl-3-heptanol с. 1-bromo-3-methylcyclopentane 
b. 3-ethoxyheptane d. 1,4-dichloro-5-methylheptane 
H H 
6. CH; 2 «Hs СНСН; 
Н | 
CH; 
Br ч 
8. а. butyl alcohol с. hexane e. ethyl alcohol 
b. 1-butanol d. pentylamine 
9. а. 1-bromo-3-methylbutane b. 3-methyl-1-butanol c. 3-methyl-1-butanamine 
isopentyl bromide isopentyl alcohol isopentylamine 


10. a. astaggered conformer 


. the chair conformer of methylcyclohexane with the methyl group in the equatorial position 
c. cyclohexane 


c 


П. a CH,CECH, d. CH,CHCH, e CHCH,CH,OH CH,CHOH CH;CH,OCH, 
Br CH4 


b. CH,CH;NHCH; eta 
CH, | CH; CH; 
€ CH,CHCH, or CH,CCH, or CH, or CH,C— CCH; 
CH; CH, CH; CH, 


Answers to Chapter 3 Practice Test 


1. a. 4-methyl-1-hexene c. 7-methyl-3-nonene 
b. 4-bromocyclopentene d. 4-chloro-3-m3thylcyclohexene 
i 
2. —CCH; --СН-СН, —Cl — Сем 
2 4 1 3 
2; а. 2-pentene с. 3-methyl-2-pentene 
b. 3-methyl-1-hexene d. 1-methylcyclohexene 
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. Increasing the energy of activation, increases the rate of the reaction. 

. Decreasing the entropy of the products compared to the entropy of the 
reactants makes the equilibrium constant more favorable. 

. Ап exergonic reaction is one with a – ДО“, 

. An alkene is an electrophile. 

. The higher the energy of activation, the more slowly the reaction will 
take place. 

f. Another name for trans-2-butene is Z-2-butene. 

g. trans-2-Butene has a dipole moment of zero. 

h. A reaction with a negative AG? has an equilibrium constant greater than one. 


c£ 


оке 


ччы тамо m 


5. а. Z b. Z 


6. а. СН>=СНСН.ОН в CH;CH, —  ,CH;CH;CH, 7. 5 
C=C 
а \ 


H 
b. H 
d. CH,—CHBr 
CH 


8. CH;CH=CH, + Н--С: —— CH,CH-CH, + :Сї: ——» CH;CH—CH; 
T 


9. bandc 10. a. 4 kcal/mol b. 35 °С c. one reactant forms two products 


Answers to Chapter 4 Practice Test 


ÇH; ; 
1. a. CH,CCH, € CH,CH;CH, e ңес ин 
| pM „СН; > ‚С=С, 
| b. CH,CH,CHCH, d. СТ H CH, 
| 2. CH;CH,CH,CH=CH, З.В 
| ү ү; 
4. а. CH;-—CCH;CH; T HBr —> СНзССН›СН; 
Вг 
Г CH; 
b. СН;СНСН--СН, + НСІ —> CH3CCH;CH; 
HO CI 
с. CH;CH,CH=CH, + Cl —== CH;CH;CHCH;CI 
d. CH;CCH=CH, + НВг  ——9- СН;С-СНСН; 
CH, Br СН; 
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CH; 


СН; 
5. C 
+ “Ві — 


CH; CH; 
Br Br 
+ HBr ——= + “Ві 
СН; А CH; 
6. а D Di STT CH;CCH;CH; 
OH сн, 
“Os жей 
Б етн СН;СН;СН;Вг 
у НВг 
—. a 
- peroxide oe 
СН; 
d. 1. ВН. > OH 
2. HO; iO НО, 2 
+ 
7. CH4CH;CHCHCH; B 8. a. ЕН НО b. OH 
OH 
9. a. The addition of Br» to 1-butene to form 1,2-dibromobutane is a concerted reaction. F 
b. The reaction of 1-butene with НСІ will form 1-chlorobutane as the major product 
if hydrogen peroxide is added to the reaction mixture. F 
c. 2,3-Dimethyl-2-pentene is more stable than 3,4-dimethyl-2-pentene. T 
d. The reaction of HBr with 3-methylcyclohexene is more highly regioselective 
than the reaction of HBr with 1-methylcyclohexe. F 
Answers to Chapter 5 Practice Test 
1. a pair of enantiomers 2. -3.0? 
CH; тз 
3. Н Cl 4. CH3;CH,CH,CH,Cl ОУН НЕН Ба о eens 
H Cl Cl CH; Cl 
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5. аа CH, 
Bons 
+ 
Н Br Br 
CH; 
b. CH, CH 
Ee EB 
H Br Br 
CH,CH, CH,CH, CH,CH, CH,CH, 
QE. Ci b. Br e 
CH;CH; —|—CH, + сн,—}—сн,сн, CH4CH;CH, - ен, +CH; —|сн,сн,сн, 
Н Н Н Н 
с.  CH,CH, d. CH,CH, CHCH . + CH3CH,CHCH,CH, 
i T А Вг H Br 
H Br H Br Br H 
CH2CH; CH;CH;CH; CH,CH,CH, 


7. (—)-2-Methylbutanoic acid has the 5 configuration. 


Br СН. CH; Br CH; СН; 
b d 
e. О. 
Br CH;CH, CH;CH, Br CH; CHCH; CH;CH, CH; 
H CH;CHjBr j^ jones 
9. СН.СН cn CH4CH CH 
3-12 3 У | ? CHO" “7 манан, а" 2 CH=CH, 
Br Br 
10. or 


11. . Diastereomers have the same melting points. 

. The addition of HBr to 3-methyl-2-pentene is stereospecific. 

. The addition of HBr to to 3-methyl-2-pentene is stereoselective. 

. The addition of HBr to to 3-methyl-2-pentene is regioselective. 
Meso compounds do not rotate polarized light. 
2,3-Dichloropentane has a stereoisomer that is a meso compound. 
. All compounds with the R configuration are dextrorotatory. 

. А compound with three asymmetric carbons can have a maximum of nine stereoisome 


sr мо во гр 
ud 9 


Answers to Chapter 6 Practice Test 


1. а. l.disiamylborane 2. НО”, H205, НО 


b. Ho/Lindlar catalyst 


2. (он 3. CECH CHE mC CHOC НОВ 


CH, CH, 


4. a. A terminal alkyne is more stable than an internal alkyne. F 
b. Propyne is more reactive than propene toward reaction with HBr. F 

c. 1-Butyne is more acidic than 1-butene. T 

T 


d. An sp? hybridized carbon is more electronegative than an sp? hybridized carbon. 


5. 1-bromo-5-methyl-3-hexyne 


6. CH,CH,CH,C=CH 7. NH, CH;C=CH  CH,CH, H0 СН.СНЕСН, 
3 2 5 1 4 
CH 
i | 
8. СЊСЊСЊССЊСЊ О 
9. a. CH,CH,C=CH CH,CH,CH,CH,CH,CH, 


| NH, | 
HPt 


- CHa4CH;B 
CH,CH,CmC ——3——2>—_ CHCH,CECCH,CH, 
b. CH;CH,C=CH CH,CH,CH,CH,Br 
HLindlar | ог HBr 
catalyst Na/NH, liq peroxide 


CH;CH,CH=CH), 
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| 
с. CH,CH,C=CH CH4CH;CCH4CH;CH; 


| н,о|н,50, 
сњењсес Ă СОЊЕ сн.сн,с=ссн,сн, 


Answers to Chapter 7 Practice Test 


О 
а | : 
1. а. С У, c СНЗСНССН. е cae 


- + 
b. CH,CHC=CH d. CH,=CHCH, 


oe мыз + 
2. а. CH;CH=CH—OCH, ---->-  CH,CH—CH-OCH,; 


+ 
b. CHSCH—CH—CH-CH-CH, -—» CH,CH=CH—CH—CH=CH, 


| 


+ 
СНҘСН--СН--СН--СН--СН, 


а: 
Е | - | | 
€ СН,-СН-СН--СН -<-->- СН,=СН—СН—СН --->- CH,—CH—CH-CH 
e 
3. CH;CCH,CH=CH, СН;--СНСН,СН--СН, CH;CH,NHCH,CH=CHCH, R 


O од 
|| Г + ы. z 
4. с. CH,COH and CH,C—ÓH 5. H, С \-cr 


+NH, 


6. 


N 
«МН, “МН, 
<= O ==> O 
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H Н 


* о 
7. а. Q b. CH,CH=CH, с. Да" 8. а. | 


9. Indicate whether the following statements is true or false: 
а. A compound with four conjugated double bonds will have four molecular orbitals. Е 
b. y, and y are symmetric molecular orbitals. F 
c. If y is the HOMO in the ground state, y4 will be the HOMO in the excited state. T 
d. If y, is the LUMO, y4 will be the HOMO. F 
e. If the ground-state HOMO is symmetric, the ground-state LUMO will be asymmetric. T 


t + + + 
10. бени > CH,CH-—CHCHCH, > CH,CH=CHCH, > СН.СН=СНСНСН, 


СН; 
Answers to Chapter 8 Practice Test 
1. а. 5-chloro-1,3-cyclohexadiene | c. 4-methyl-2-cyclohexen-1-ol 


b. 1-octen-6-yne 


Br 
Br Br 

- О о — "о са 

B 

О 9 | 

b. НС CHCCH, Н.С CCH, Н.С 
+ || — + 
~ ЄН; CCH 
3 
Ц 


МНСН. 
4 AM di о 5. molar absorbtivity = 19.7 


| 6. a. A conjugated diene is more stable than an isomeric isolated diene. T 
| b. A single bond formed by ап sp2—sp2 overlap is longer than a single bond 
| formed by an 5р2—5р3 overlap. F 


c. The thermodynamically controlled product is the major product obtained when 
the reaction is carried out under mild conditions. 


F 

d. 1,3-Hexadiene is more stable than 1,4-hexadiene. T 
e. A chromophore that exhibits both n — л“ and x — л“ transitions will have the n > t^ 
transition at a longer wavelength. T 
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СН, CH; Br CH; pr CH; 
7; ІЗ Шы төне. ВЕСНЕ: BICC = ОСН; 
Вг СН. СН; СН; СН; 
CH; О 
8. ғ " 9. a. CH; CH, b CH, 
( бы 6! 
CH, 
1,2 14 СІ Cl 
СН; 
r 
10 2 В . H. 
SE о у» {ү 
СН; 
CH; CH; 
12. a. CH;—CH-C-CH, CH,—CH=C—CH; 13. 63 X 104M 
Cl 
product of kinetic control product of thermodynamic control 
b. CH; Br CH; 
Вг | 
product of kinetic control product of thermodynamic control 
Answers to Chapter 9 Practice Test 
1. 3 


2. CHCH, + СІ —— CH,CH, + на 


3. CH, CH, 


ds 
T 
T dm 
E. m 
1-1 


4 CHCH, + С" ——  CH,CH, + НСІ АН = 101 – 103 2-2 


CHCH, + С, -->- CH,CH;C] + СІ" АН°= 58- 85 = 27 
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5. CH,CH,CH,CH=CH, CH,CH,CHCH=CH, 
CH;CH,CH,CH=CH CH;CHCH,CH=CH, 
4 2 
6. а. Сн, СН,Вг b. СН.СНСНЕСН, + CH,CH=CHCH,Br 
СК СК i 
Br 
сн, сн, CH; CH; CH; сн; 
7. а. CH,CCH|CH,CHCH,  CH,G— CHCH,CHCH, — CH,CCH;CHCHCH; 
СН,СІ CH, Cl CH, Cl 
CH, СН; CH, сн; 
CH;CCH;CH;CCH; CH,CCH;CH,CHCH;CI 
CH а CH; 
CH, CH, CH, CH, 
b. CH,CCH;CH,CHCH, €  CH,CCH,CH;CCH, 
CH;CI CH, Br 
8. 23% 


Answers to Chapter 10 Practice Test 


CH, CH; CH; 
1. a. CH4CH;CH;CH;CHBr 2. a. CH4CH;CHBr 3. CHCH HECE, 
Br Р Вг 
=. CH; 
b. CH,CH=CHCHCH, b. CH,Br 
4. a. Increasing the concentration of the nucleophile favors ап SN1 reaction over 


ап 5м2 reaction. 

b. Ethyl iodide is more reactive than ethyl chloride іп an $м2 reaction. 

с. In an Syl reaction, the product with the retained configuration is obtained 
in greater yield. 

d. The rate of a substitution reaction in which none of the reactants is charged 
will increase if the polarity of the solvent is increased. 

e. An Sn2 reaction is a two-step reaction. 

f. The рКа of a carboxylic acid is greater in water than it is in a mixture of 
dioxane and water. 


топа т dm 
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5. a. СНзО- b. CH3S- 
А СН. О’ 

6. a. CH,CH,CH,Cl + HO d. В: CIO 

b. CH,CH,CH,I + НО" Br i 

с. CH4CH;CH,Br + НО” e. BrCH,CH,CH,CH,NHCH, 
7. All are aprotic solvents except ethanol. 
8. a. The rate of the reaction would increase. d. The pK, would decrease. 

b. The rate of the reaction would increase. e. The pK, would decrease. 


c. The rate of the reaction would decrease. 


Answers to Chapter 11 Practice Test 


CH, 
| 
1. а. (“у снснсњ, b. CH;—-CHCH;CHCH, 2. CH4CHBr 
Br Br 
OCH, OCH, HC. Ж HC, „СНз 
3. сн;сн сн, CH; CH,CH, „С=С, а © 
H H н CH H н 
major minor 
is 
4. a. CH;CH;CO + CH,CH;CHjBr b. (у + (5: с. {5 + CHjBr 
CH; | 
5. a. СН.СНСН, + НО” d. сныснсн, СзО. 
| | CH4OH 
Cl Br 
b. CH;CH,CH,I + НО | | CH; 
e. CH;CCH; + HO 


с. CH4CH;CHjBr + HO E В 
r 


(3 H T үз 
H CHCH; 
СН: 


4 7. а. cis-1-bromo-2-methylcyclohexane 
b. The cis and trans isomers react at about the same rate. 


Answers to Chapter 12 Practice Test 


1. HBr 2. SOCLh 
H СН; СН; 
һа рс Сао ү 
н Ck БОО H CH,CH; 
b. CH;0H CHBr Mg CH,MgBr 
РВг; 
E 
4. 2,2-diethyloxirane or 1,2-epoxy-2-ethylbutane 
CH,CH; ОШЕН, 
5. а. HOCH КЕНЕН; b. СНОО CECH 
OCH, OH 
СН; CH; 
6. a. ССВ b. о ce СН с. CH;CH,CH=CHCH, 
CH4 СН; 
7. a. Tertiary alcohols are easier to dehydrate than secondary alcohols. 


b. Alcohols are more acidic than thiols. 
c. Alcohols have higher boiling points than thiols. 


b. C Son + сњ- y 
b. [_})—снснон 


e 
8. а CH,CH)C—I + CHjOH 
CH; 


9. a. CH,CH,CH,CH,CH,OH 


быз. 4 СН=СНСН.СН, 
қ i .CH;CH;CH; 


SE 


сн;сн; 


Answers 
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О 

ЖА (CH5),0H 
1.H,C—CH, CY 
2.H* 
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Answers to Chapter 13 Practice Test 


1. 
|| || 
а. CH4CH;CH;CH е. CH;CH,CH,COCH, 
~2700 cnr! ~1050 or ~1250 cnr! 
|| = = 
b. CH,CH,CNH, f. CH3,;CH,CH=CHCH, CH;CH,C=CCH, 
тере -3100 cnr! 
€ CH3;CH,CH,CH,OH в. CH,CH,C=CH 
~3600-3200 cnr! ~3300 cnr! 
d. O ~1380 cnr! 
OH 
2. a. The O-H stretch of a concentrated solution of an alcohol occurs at a higher 
frequency than the O-H stretch of a dilute solution. F 
b. Light of 2 um is of higher energy than light of 3 um. T 
c. It takes more energy for a bending vibration than for a stretching vibration. F 
d. Propyne will not have an absorption band at 3100 сіп”! because there is по 
change in the dipole moment. F 
e. Light of 8 jum has the same energy as light of 1250 ст-1. T 
f. The M + 2 peak of an alkyl chloride is half the height of the M peak. F 
СН; 
3. СОН: 
ОН 
D 
| | 
СЊОН CH,OH COH СОСН; CCH; CH,OCH, | 
4. а. © e c d 
ы -1 
3100em ~ 3300-2500 сш! —2900ст1 ^ -1700cm-l —1050спг! 
~ 1500 спг! -1 
~ 1380 ст 
= = " -1 
нс=0 CH,C=O 1050 ст CH=CH, СН,СН, 


~ 2700 ст"! ~ 2900 ст-! 
~ 1380 ст"! ~ 1380 cnr! 


Answers 


Answers to Chapter 14 Practice Test 


i | 
1. CH,CH,CH,CCH, CH;CH;CHCH;CH; СН;--СНСН 


4 3 CQ Cl 4 


CH, CH, 
NO, | | 
CH,CHCH,CHCH, 


3 за 3 


6) О 
|| || | 
2. CH;CH,CCH,; ел CH;CH,COCH,CH, =_ triplet 


sa triplet CH3CHCH;CI СІСН;СН;СН;ОСН; 
Н СН; 
doublet of ж қ S doublet multiplet 


С--С 
ҚРЗ Их CH,OCH,CH,CH,OCH, — BrCH;CHjBr 


H Cl | | 


quintet singlet 


|| || || 
3. CH4COCH;CH4 CH,CH,COCH, НСОСН,СН;СН; 
3 signals 3 signals 4 signals 
The signal at the highest The signal at the highest 


frequency (farthest frequency (farthest 
downfield) is a quartet. downfield) is a signal. 


4. a. The peaks on the right of an NMR spectrum are deshielded compared to the 
peaks on the left. F 


b. Dimeuyl ketone has the same number of signals in its ІН NMR spectrum as 
in its "C NMR spectrum. F 


c. In the ІН NMR spectrum of the compound shown below, the signal farthest 
upfield is a singlet and the signal farthest downfield is a doublet. T 


ON - У сн; 


d. The greater the frequency of the signal, the greater its chemical shift in ppm. T 


845 . 


ааа SS 


7. 


6. 


5. а. 


doublet 
|| 
СН;СН;СН,СІ b. CH3CH,COCH, с. CH;CHCH, 
triplet singlet з i 
У : 2 signals 
3 signals 4 signals 
|| 
6. а. CH3CH,CH,Cl b. CH3CH,COCH, с. CH;CHCH; 
3 signals 4 signals Br 
3 signals 
i uartet 
pee ч doublet 


CH3CH;CH;CH;CI 


CH;CH;CHCH, 
СІ 


||| 
CH3CH,COCCH,CH, 


а. or 


A 


нон. 
CH;CH=CHCH, 


CH;—CHCH,CH, 


b. CH,CHCH—CH, 


nswers to Chapter 15 Practice Test 


CH;CH,CH,CH,OH 


CH3CH,CHCH, 
OH 


- | 
€ CH;CHCCH, 
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H 
ee | $ 
9. HO—NO, + eR === но о, === H,O + ‘NO, 


Answers to Chapter 16 Practice Test 


1. a. meta-nitrotoluene c. ortho-ethylbenzoic acid 
3-nitrotoluene 2- ethylbenzoic acid 
b. 1,2,4-tribromobenzene d. para-chlorophenol 
4-chlorophenol 
i | 
Вг МНССН; CH;CH; CNHCH, 
2. 7 | | 
м 
4 1 2 5 3 
COOH OH NH, COOH 
3. a. Q b. с. 4 4. 4 
а! NO, CH; 
4. a. para-bromonitrobenzene b. para-bromoethylbenzene 
NO, OCH, OCH; COOH 
5. а. b. CH; | с. 
x. 
OH | 
CH; О 
OCH, Cl i 
CCH, 
d. е. f. 
NO, 
NO, OCH, | Cl 
6. a. Benzoic acid is more reactive than benzene towards electrophilic substitution. F 
b. para-Chlorobenzoic acid is more acidic than para-methoxybenzoic acid. T 
с. А -СН-СН2 group is a meta director. F 
d. para-Nitroaniline is more basic than para-chloroaniline. F 
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Answers to Chapter 17 Practice Test 


О О 
T T 
1. a. СЊСОСЊ b. cuo y c. cto’ Уно, d. CH,CCI 


2. а. N-ethylpentanamide c. methyl 4-phenylbutanoate 
b. 3-methylpentanoic acid d. ethanoic propanoic anhydride 


|| 
3. а. CH,CH,COCCH,CH, 


| | 
b. СНС + H,O ——= сњсон + на 


Апу reaction in which one of the reactants is cleaved as a result of 
reaction with water. 


О 
| 
с. CH,COCH, + CH,CH,OH 


T 


| 
. CH,COCH;CH, + сн,он 


il | | || 
4. а. CH,—C—OH b. CH,—C—OCH, е, CH,—C—NH, d. CH;—C—OH 


О О 
i + | 

5. а. CH,CH,COH + NH, е. ( 9 oon, + CHOH 
О 


О 
| A | 
CH3CH,CH,COCH,CH,CH, 


I 
b. CH;CH,CO + CH;CH,CH,OH 


i il | 
© СНЗСН:СН:СОН + СЊСЊСОН в. CH,CH,COH + сн;Ан; 


О 
| 
CH;CH,COH + но-/ 5 


О 
| 
d. CH;CH,CNHCH,CH, + сг 


= 
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Answers to Chapter 18 Practice Test 


| NOH CH4CH,0, осн,сн; oo 
1. a. ¢ \—ton,cn, + H,0 d. g сени енн 
TEM СЕМ 
b. C) он ОН 
е. CH,CH,CCH;CH, h. СНҘСН--СНСНСН; 
+ HO | 
| 
NH» i. {_У—сыснусн, 
| f. CH,CH,CH 
с. СН;СН,СН;СОН РЕН 
| i 
> сњсн;ссн,сн,сн з а <) У 
CH; 
CH OCH, OH 


CH | | 
4. а. C x b. CH;CH,CH е ( “-хснон, d. CH,CH,CH 
СН; осн; осн; 
СӘ 
МЕ 


И _ 

6. CH;CH,CH,Br -МЕ» cH,CH,CH,MgBr CO} CH;CH,CH,CO 
| soci, 

О 


5. а. butanal b. 3-pentanone 


О 
[ i 
CH,CH;CH,COCHCH,  -ЕНзСН2ОН — eu oH CH, CCI 


Answers to Chapter 19 Practice Test 


П. П gi li 
1. CH,CCH,COCH, CH3;CCH,CCH, сн;ссн; 
2 1 3 


Yo dl i 
2. а. CH,C=CHCCH, b. CH,CCH;COCH, 
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О 
| 9 
3. а. CH,CHCCH, + СО, 9. CH;CH;CCH, e. 
Br O CH3CCHCCH; 
| | - О 
b. CH;CH;C—CH + 2Br оо Е 
Br f. 
|___|| 
с. СНзСН›СН›ССНСОСН; || 
CH,CH, 2. CH;CH,CH,CH,COH 
OH O 
ll но | 
4. а. 2 CH,CH,CH ==> CH3CH,CHCHCH 
CH, 
| OH О 
| || HO" Г li H,SO, || 
b. 2 CH,CH,CH —= CH;CH;CHCHCH AUN CH;CH;CH—-CCH 
| CH, CH; 
| CH4Q^ П Й 
|| || СНО“ COCH; 
d. CH,OCCH;CH;CH;CH,CH;COCH, — 35 
Ж О 
e СН.СН обсн locu cu eae CH;,CH4CH lon 
ж; : 7-3 2. СЊСЊВГ ај. 
3. H* H,O, A 
t. cH, cH, cocH,cH, -OBCO : 
ы 3 2 2 3 2. CH,CHBr CH4CH;CH;CCH,; 
3. НХ H,O, A 


OH 0 

5. CH,CHCH,CH,CHCHCH 
CH, CH,CH,CH, 

OH о 

CH,CH)CH,CH,CHCHCH 
CH,CH,CH; 
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|с 
CH;CHCH;CH,CHCHCH 
CH, CH;CHCH; 
CH;CH,CH,CH,CHCHCH 


CH;CHCH; 
CH; 


Answers to Chapter 20 Practice Test 


1. a. reduction b. oxidation 


| 
. CH,CH,CH,COH f. 


ы 
ы 


CH,OH + CH4CH,OH 
он 

в. CH3;CH,CH,CHCH,CH, 
CH; 

В. CHCH;CH;C-O + 


= 


no reaction 


с. CH,CH,CH,NHCH,CH, 


. Да СН;СН;СН; 
О 


| 
е. CH,CH;,CH,CH,COH 


2. 


| 
CH,CH,COH 


3. 1. Ag,O/NH, 4. 


Е BA CH; 
2. НзО 


с=с 
L 
CH,CH, 


| нс. енен; 
С--С 
/ 
СН;СН, 


- and 


N 
СН:СН; CH, 


5; а. NaBHA is а weaker reducing agent than LiAIHA. 
b. Esters are easier to reduce than ketones. | 
c. In an oxidation-reduction reaction the oxidizing agent is oxidized. 
d. Ketones are reduced to primary alcohols. 
e. Aldehydes are oxidized to carboxylic acids. 
f. Acyl halides are oxidized to aldehydes. 
g. Alkenes cannot be reduced with МаВН4. 


де "1-3 "1 У 


OH 
Bry J | Н„СгО, || 
6. CH4CH;CH;CH,; Т” CH;CH;CHCH; HO. CH,CH,CHCH, sla ac Ж CH,CH,CCH, 


Br 


1.03 2.Zn,H20 ог 


1.03 2. (СНз)25 
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Answers to Chapter 21 Practice Test 


1. a. 2,4-dimethyl pyrrolidine c. 3-ethyltetrahydrofuran 
2,4-dimethylazacyclopentane 3-ethyloxacyclopentane 
b. N-methylpiperidine d. 3-bromopiperidine 
N-azacyclohexane 3-bromoazacyclohexane 
СН. CH; Br 
| e. >” 
2. а. CH,=CHCH,CHCH,NCH, | 
~ 
O + _ М 
b. c + CH,CH,NH; СІ t 22 
сн” ~NHCH,CH; Қ 
1 
с. ФЕ + H,O СҢ; 
2 * (X 
Cl 
Сн; 9 CH, 
саки h. CH=CH, + NCH;CH;CH; 
9 OH 
3. а. О b. 2 с. N^ d. 
C ) d a | [ON 
* + $ + 
м N N N 
H ^H H H 
4. a. Pyridine is more reactive towards nucleophilic aromatic substitution than is pyrrole. T 
b. Pyrrole is more reactive towards electrophilic aromatic substitution than is furan. T 
c. Pyrrole is more reactive towards electrophilic aromatic substitution than is benzene Т 
d. Pyridine is more reactive towards electrophilic aromatic substitution than is benzene. Е 
Answers to Chapter 22 Practice Test 
1. a. COOH b. OH OH 
H——OH 5 СНОН о МЕ” CH;OH o 
екен HO осн, "go ја i 
Н---ОН ОН OH 
Н--ОН Н Н H OCH; 


Е АЕ“ —- 
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с. НС=0 HC=0 d. COOH 
H OH H H H OH 
HO H + HO H H OH 
HO H HO H H OH 
H OH H OH CHOH 
CH, OH CH;OH 
2. a. Glycogen contains 0-1,4 and B-1,6'-glycosidic linkages. F 
b. D-Mannose is a C-1 epimer of D-glucose. F 
c. D-Glucose and L-glucose are anomers. F 
d. D-Erythrose and D-threose are diastereomers. T 
e. Ruff degradations of D-glucose and D-gulose form the same aldotetrose. F 
3. СН--О CH=O 
H H H OH 
H H HO H 
H OH H OH 
H OH H OH 
CH,OH CH4OH 
4. D-mannose and D-glucose 5. D-tagatose 6. D-altrose 
7. Amylose has a-1,4'-glycosidic linkages, while cellulose has B-1,4'-glycosidic linkages. 
8. D-gulose and D-idose 9, D-allose 
10. H 
HO H 
H OH 
OH 
HO H 
Answers to Chapter 23 Practice Test 
J T ти ГЕ | 
1. а. Осеро с. CH,CH,CHCHCO d. H;NCNHCH;CH;,CH,CHCO. 
«МН; О «NH; q Q NH, 
* || E 
b. H,NCH,CH,CH,CH,CHCO™ 22 НО 96 
| +NH, 


+МН; 
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О О 
2. а. || b. " || | _ 
НО но d CH,CHCO 4. HEG 
= == | = 
JA «NH, / ( +NH, = «АН МН 
3 2 
2; а. Alanine, because it is farther away from its pl. с. leucine and isoleucine 
b. glycine d. aspartic acid 
4. The electron-withdrawing protonated amino group causes the carboxyl group of alanine to have 
a lower pK}. 
5. a. A cigar shaped protein has a greater percentage of polar residues than a 
spherical protein. T 
b. Naturally occurring amino acids have the L-configuration. T 
с. There is free rotation about a peptide bond. F 
i || 
6. осрин РСС 
+МН. +ЧН; 
7. а. The sequence of the amino acids in the protein chain. 
b. The three-dimensional arrangement of all the atoms in the protein. 
с. А description of the way the subunits of an oligomer are arranged in space. 
8. 
ui 
$ 
su 
zo 
E 
Q 
Ф 
D 
© chromato h 
graphy 
------->- 
+ 9.1 .34 
9. a 2б 5 ЭЛ8 „ - 567 ‚ B9 + 1246 = SS = 1076 
2 


10. Ala Ser Ав Gly Ag Ма His Phe Lys Пе 


An indispensable resource for the 


student of organic chemistry 


This Study Guide and Solutions Manual. 
written by Paula Bruice to support the 
fourth edition of her book. ORGANIC 
CHEMISTRY. is a critical resource for 
students seeking additional opportunities 
to test their understanding of key organic 
chemistry. (өріс. This supplement 
includes the following teatures: 

e Full. solutions to all problems in 


ORGANIC CHEMISTRY. tourth 


edition. with explanations. 


e Special exercises with solutions on 


РЕБРА. and butters. 


* Special exercises with solutions on draw- 

ing curved arrows ("pushing electrons’). 
* Special exercises with solutions on kinetics. 
* Model-building exercises. 


* Twenty-one practice tests. 


ISBN П-13-141010-5 


90000 
PEARSON 
ce ER re et 
Prentice 
Hall Upper Saddle River. NJ O7 5х 


917801311%10107 


hep: малмен оп brune 


An indispensable resource for the 


student of organic chemistry 


This Study Guide and Solutions Manual, 
written by Paula Bruice to support the 
fourth edition of her book, ORGANIC 
CHEMISTRY, is a critical resource for 
students seeking additional opportunities 
to test their understanding of key organic 
chemistry topics. This supplement 


includes the following features: 


с 


* Full solutions to all problems іп 
ORGANIC CHEMISTRY, fourth 


edition, with explanations. 


* Special exercises with solutions on 
pH, pK,, and buffers. 


* Special exercises with solutions on draw- 


ing curved arrows (“pushing electrons"). 


* Special exercises with solutions on kinetics. 


* Model-building exercises. 


* Twenty-one practice tests. 


ISBN 0-13-141010-5 


| | 90000 
0 | | 


Upper Saddle River, NJ 07458 1311410107 


http://www.prenhall.com/bruice 


9178 


